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Studies on the Optical Activity of Quinine and Its Salts. By 
James C. ^U'drews and Bailey D. Webb. From the 
Department of Biological Chemistry, School of Medicine, Uni- 
versity of North Carolina, Chapel Hill 

For the purpose of pro%'iding a micropolarimetric method for 
the determination of small amounts of quinine, a study has been 
made of the optical acthdty of the free base and some of its salts 
in M-ater, ethyl alcohol, mixtures of the two, and in some other 
Eoh’-ents. All samples used were carefully purified, usually bj' 
several crystallizations, to effect complete removal of other cin- 
chona derivatives, a constant optical activity under definitely 
specified conditions being used as the criterion of complete purifi- 
cation. All figures apply at 25°. 

The specific activity of the free base in pure ethyl alcohol = 
-170.0. 

The specific actuity of the anhydrous sulfate (Q»-HsSO<) = 
—179.0 in pure ethyl alcohol and —152.5 in pure water. In 
alcohol-water mixtures the activity rises to a flat maximum of 
—205.5 in 60 per cent alcohol (by %'olume). 

Similar results were obtained with the dihj'drochloride 
(Q-2HC1). In pure ethyl alcohol its optical activity = —168.8, 
in pure water —220.5. In alcohol-water mixtures the acti^dty 
rises to a flat maximum of —228.7 in 30 per cent alcohol (by 
volume). 

Curves showing the effect of progressive neutralization of the 
free base with HCl and H 2 SO< have also been run. It is planned 
to use these figures for maximal optical activity as the basis for a 
semimicromethod for quinine determination. 

Vitamin K. By S. Ansbacher. From The Squibb Institute for 

Medical Research, New Brunstcich 

The methods for determining antihemorrhagic activity were 
analyzed. It was found that 1 Ansbacher unit equals 1 Thayer 
(1938) umt, 2 Thayer-Doisy (1939) units, 20 Dam units, 0.5 Dann 
(1938) unit, 1,25 Dann (1939) umt, and 0.16 ml. of Almquist’s 
reference standard. 
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Since the vitamins Ki and K 2 have been reported to have a 
quinoid structure, numerous compounds belonging to the class 
of quinones were prepared and biologically assayed. It was ob- 
served that vitamin Ki and other phytyl derivatives of methyl- 
naphthoquinone are not as active and not as readily utilized by 
the animal body as 2-methyl-l ,4-naphthoquinone. This methyl- 
naphthoquinone is the most potent compound with vitamin K 
activity and was found to be very rapidly absorbed by the organ- 
ism. Clinical investigations indicate that it is a highly efficient 
prophylactic and therapeutic agent for h 3 q)oprothrombinemia. 

The various postulations concerning the relationship between 
chemical structure and vitamin K activity will be briefly discussed. 

Individual Phospholipids in Plasma of Rabbits after a Fatty 
Meal. By Camillo Artom and John A. Freeman. From 
the Biochemistry Department, School of Medical Sciences, Wake 
Forest College, Wake Forest, North Carolina 
By a procedure essentially combining those used by Kirk and 
by Thannhauser and coworkers, individual phospholipids have 
been determined in the plasma of rabbits on a standard mixed diet 
and in the plasma of the same rabbits 15, 30, and 45 hours after 
the administration of a single large dose of olive oil. In accord 
with previous results, a clear increase in total phospholipids was 
only occasionally seen. Moreover, great variability in all the 
values in oil feeding experiments as well as in controls was appar- 
ent. However, higher values for lecithin were very often ob- 
tained after oil feeding, and in such experiments as exhibited a 
clear rise in total phospholipids, the increases were essentially or 
even entirely in the lecithin fraction. On the contrary, lower 
values for cephalin were generally encountered in oil-fed animals. 
The ether-insoluble phospholipids undergo slighter, irregular, and 
probably meaningless variations. 

The above results are believed to point to lecithin as the only 
phospholipid carrying fatty acids in blood plasma. 

Studies in Iron Metabolism with the Aid of Its Artificial Radio- 
active Isotope. By Mario E. Austoni and David M. Green- 
berg. From the Division of Biochemistry, University of 
California Medical School, Berkeley 
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With radioactive iron (kindly supplied by Professor E. 0. 
LawTcnce and associates) as an indicator, the absorption, distri- 
bution, and excretion of this clement were studied in normal and 
iron-deficient rats wth hj'pochromic anemia. The results show 
that it required about 12 hours for a single dose of iron adminis- 
tered as FeSO< or FcCb to bo removed from the stomach and 
small intestinf^. 

The passage through the gastrointestinal tract was significantlj' 
slower in the anemic rats. The anemic animals absorbed a 
greater amount of the administered iron and showed a lower 
excretion in both urine and feces. During a 10 day period the 
normal animals retained about 30 per cent of the administered 
iron, while the anemic animals retained 50 per cent. The greater 
part of the excretion through the feces and the urine takes place 
within 48 hours. 

The absorbed iron was most actively taken up by the bone 
marrow, blood, and muscle, especially in the anemic rats. After 
10 days the radioactive iron nearly disappeared from the muscle 
and blood of the normal rats but rose to values of 25 and 14 per 
cent, respective!}', of the administered dose in the anemic rats. 

Some Observations on Pantothenic Acid (Chick Antidermatitis 

Factor). By Sidney H. Babcock, Jr., and Thomas H. 

Jdkes. From Ike College of Agriculture, UniversiUj of Cali~ 

fornia, Davis 

Pantothenic acid was biologically assayed with chicks on a 
heated diet. Concentrates of the factor were prepared from 
extracts of yeast and liver by the methods of R. J. Williams and 
coworkers. Observations are made on the preparation of such 
concentrates. 

P-Alanine and certain hydroxy acids such as lactic acid were 
subjected to the Schotten-Baumann procedure for coupling 
amines with organic acids. Some properties of the resulting 
products are discussed. 

The distribution of pantothenic acid in a number of foods for 
which no data were previously available is reported. 

The Effect of Adrenalectomy on the Deposition in the Liver of 

Spectroscopically Active Fatty Acids, By Richard H. Barnes, 
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Elmer S. Miller, and George 0. Burr. From the Depart- 
ments of Physiology and Botany, University of Minnesota, 
Minneapolis 

Spectroscopically active fatty acids which may be accurately 
differentiated from normal body fats have been utilized for the 
study of the effect of adrenalectomy on the deposition of liver fat. 

It has been shown by others that adrenalectomized rats do not 
develop fatty livers characteristic of normal rats subjected to cer- 
tain treatments. A similar effect of adrenalectomy has been 
demonstrated in rats fed one dose of spectroscopically active fat 
(tagged fat). 8 hours after the oral administration of approxi- 
mately 2.0 cc. of tagged fat to adult rats previously fasted for 18 
hours there is an increase in the amount of neutral fat present in 
the liver. Spectroscopic examination of this fat shows that part 
of this increase in neutral fat is due to the fed fat. In adrenalec- 
tomized rats maintained for 4 days with sodium chloride there is 
no significant rise in neutral fat in the liver. Very little of the 
neutral fat is derived from tagged fat which has been fed. In 
neither control nor adrenalectomized animals is there any signifi- 
cant change in the amount of phospholipid present, although a 
small increase in tagged fat present in this fraction shows that a 
slow incorporation of tagged fat into the liver phospholipids does 
take place. Experiments have been conducted to demonstrate 
the effect of sodium chloride, potassium chloride, and adrenal 
cortex extract on this deposition of liver fat in adrenalectomized 
animals. 

The Colorimetric Estimation and Fractionation of Androgens in 
Urine. By Emil J. Baumann and Nannette Metzger. 
From the Laboratory Division, Montehore Hospital, New York 
Previous attempts to apply the Zimmerman reaction for 17- 
ketosteroids to the estimation of androgens in the urine have been 
unsatisfactory. The colors obtained from the neutral fraction of 
benzene extracts of urine vdth m-dinitrobenzene and alkali, 
particularly from women’s urines or those of low androgen con- 
tent, are quite different from the colors produced by androsterone 
or dehydroandrosterone. Even the use of color filters, while a 
great aid in making comparisons, leaves much to be desired. 

3y purifying the neutral fraction of urine extracts further, 
^ tly by solution in pentane in which much gum and pigment 
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are insoluble, and partly by adsorption on MgO and subsequent 
elution nith ether, we obtained solutions that give colors more like 
those produced by androsterone or dehydroandrostcrone, which 
are used as standards. Analysis has been c-vtcnded by dividing 
these purified extracts into two fractions with digitonin. The 
insoluble part is probably chiefly dehydroandrostcrone. 

The Creatine and Creatinine Excretion of Children during Differ- 
ent Periods of Growth. By Eliot F. Beach, D. Maxwell 
Teague, axd Icie G. Mact. From the Research Laboratory 
of the Children’s Fund of Michigan, Delroil 
In the course of metabolic studies in this laboratory the daily 
creatine and creatinine excretions of seven children were deter- 
mined in 1936 for 10 consecutive days and in 1939 for 55 days. 
One of the children was also studied in 1932. The age range of 
the children over all of the periods was from 5 to 12 years and the 
daily nitrogen intakes varied from 8.5 to 17 gm. 

The consecutive daily creatinine values were quite constant. 
On the other hand, there were wide daily variations in creatine 
output (from 0 to 130 mg. of creatine nitrogen in one child). 
This fact demonstrates the advantage in accuracy of an average 
creatine value for several days over a single 24 hour creatine 
determination. It was observed that, over the period of growth 
studied, the total creatine plus creatinine nitrogen output of any 
one child varied only slightly, while in this relatively constant 
total, creatine decreased and creatinine increased with increasing 
age. 

The preformed creatinine (nitrogen) coeflicients of all the chil- 
dren, at all ages studied, varied from 7.4 to 9.7, which is within 
the normal adult range. The creatimne coeflneient of any indi- 
vidual in the group was almost identical in the two studies. 

The creatine output and therefore creatine coefficient decrease 
in direct accordance with increase in age and are closely related to 
body surface area, basal metabolic rate, and height. The creat- 
inine output also shows excellent correlation with age, height, and 
body surface, but unlike creatine is closely related to weight. 

A Comparison of the Effect of Parenteral Injection or Ingestion 

of Sarcosine versus Glycine, with and without Urea, upon 

Creatinine-Creatine Excretion in the Rat and Man. By 
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Howard H. Beard. From the Departments of Biochemistry, 
University of California, Berkeley, and Louisiana State Uni- 
versity School of Medicine, New Orleans 
Sarcosine and urea, alone and together, were injected into rats 
and ingested by man and the effect of this treatment upon creatine 
and creatinine excretion in the urine was observed. These results 
were then compared to those previously obtained under similar 
experimental conditions when urea and glycine were used. 

In the rat the injection of sarcosine and urea alone or together 
gave from 50 to 71 mg. of extra creatine excretion. Sarcosine 
injected alone caused an increase of 121 mg. of extra creatinine 
excretion. In man (H. H. B.) ingestion of urea or sarcosine alone 
gave no increase in creatinine excretion, while the extra creatine 
excretion amounted to 13 and 6 gm. respectively. Ingested 
together the extra creatine excretion was 12 gm. and creatinine 
excretion 29 gm., or a total of 41 gm. This was 6 gm. more than 
the amount required by theory and 6 gm. more than that ob- 
tained in this subject when similar doses of urea and glycine were 
ingested. The ingestion of 5 gm. of urea and 5 gm. of glycine by a 
patient suffering from a very severe muscle atrophy and muscle 
wasting caused an increase of over 400 per cent in creatine excre- 
tion the day after ingestion of these substances. In succeeding 
days creatine retention occurred. 

The above results show that glycine can be first methylated to 
sarcosine in ci'eatine synthesis in the body. Creatinine can be 
formed before creatine, and, therefore, may also be an inter- 
mediate compound in creatine formation in the body. 

Effect of Cortin, Supracorsin, an Adrenal Hydrolysate, with and 
without the d-Amino Acid Oxidase of Pig Kidney, upon the 
Appearance, Growth, and Regression of the Walker Sarcoma 
in Rats. By Howard H. Beard. From the Department of 
Biochemistry, Louisiana State University School of Medicine, 
New Orleans 

160 rats of the Wistar strain were divided into three groups: 
Group 1, control, 77 animals; Group 2, 68 animals; and Group 3, 
15 animals. All were transplanted under nembutal anesthesia 
with small bits of the Walker sarcoma. For 10 days before and 
10 days after transplantation the animals of Group 2 received by 
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intraperitoneal injection on 1 day 1 cc. of the kidney enzyme 
preparation, and on the other a mixture of 1 cc. of supracorsin (a 
water e.xtract of the suprarenal cortex of sheep) + 1 cc. of beef 
adrenal hydrolysate + 0.5 cc. of Wilson’s adrenal cortical hor- 
mone. Group 3 received 1 cc. of the kidney enzjTne preparation 
daily. 

The results 'obtained were as follows: (1) 2 weeks after trans- 
plantation 5S per cent of the control, 51 per cent of Group 2, and 
87 per cent of Group 3 showed the appearance of tumors. (2) 
Tumors were removed from all groups at the same time and 
weighed. Forty-four tumors from the control group weighed 
451 gm.; twenty-four tumors from Group 2 weighed 188 gm.; and 
. ten tumors from Group 3 weighed 85 gm. The increase in weight 
of the control tumors was 140 per cent more than that of Group 2. 
(3) No tumor regressed in the control group. On the other hand 
there were seven, or 21 per cent, of the tumors of Group 2 which 
showed complete regression. In addition two other tumors did 
not grow be 3 ’’ond 1 cm. in diameter. These results were due to 
supracorsin and the cortical hormone. 

The Synthesis of Glycocyamine and Creatine from Amino Acids, 
Urea, and Cyanamide. By Howard H. Beard and Jijlia K. 
Espenan. From the Department of Biochemistry, Louisiana 
State University School of Medicine, New Orleans 
The in vitro synthesis of glycocyamine from urea and glycine 
and from glycine and cyanamide, and of creatine from sarcosine 
and urea and sarcosine and cyanamide, with and without the 
addition of a few drops of strong ammonia, was studied in relation 
to the effect of time, temperature, and concentration of reacting 
substances, and the presence of enzymes, upon the process. The 
speed of the reaction depends, in the order named, upon the tem- 
perature, concentration of reacting substances, and time allowed 
for the reaction to occur. Evidence was obtained indicating the 
presence of an enzyme in muscle, but not in kidney tissue, cataly 2 :- 
ing the above reactions. The symthesis of glycocyamine or 
creatine, however, does not depend on the presence of the muscle 
enzyme, provided the ingredients are autoclaved together at 15 
pounds pressure for 15 minutes, or the concentration of the in- 
gredients is increased, or a longer time is allowed for the reaction 
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to occur. The presence of a few drops of strong ammonia greatly 
catalyzes the synthesis of glycocyamine or creatine under the 
above conditions. Ammonia should be considered as one of the 
reacting substances in creatine sjuithesis from urea and the amino 
acids in metabolism. Glycocyamine and creatine were isolated 
and identified as products of the reaction of cyanamide and 
glycine and cyanamide and sarcosine, respectively. These sjm- 
thetic substances, when injected into young rats, caused an in- 
crease in muscle creatine ranging from 20 to 45 per cent above 
normal. 

Further Observations upon the Biological Relationship between 
Creatine and Creatinine in Relation to Water, Salt, and Phos- 
phate Metabolism. By Howard H. Beard, Julia K Es- 
PENAN, A. Link Koven, and Philip Pizzolato. From the 
Department of Biochemistry, Louisiana State University School 
of Medicine, New Orleans 

Creatinine, in the presence of extra water in the tissues of the 
rat and man, is hydrolyzed to creatine and any extra creatinine or 
creatine formed per unit of time is then excreted into the urine. 
Salt injection or ingestion greatly increases the amount of creatine 
and creatinine excreted in the rat and man as compared to tlie 
same amount of water alone. In the castrate rat creatinine is 
not hydrolyzed to creatine, but extra creatine is formed from the 
injection of salt alone. Water and salt cause exactly twee as 
much extra creatine excretion in the rat as the injection of either 
alone. Tissue creatine is not increased under these conditions. 
Alkalosis greatly increases the creatinine — »■ creatine transforma- 
tion and excretion in the rat. The effect of the sex hormones and 
alkalosis upon the creatinuria was probably due to water and salt 
retention. The creatinine — > creatine transformation in vitro 
(37 mg.) and in vivo (36 mg.) showed excellent agreement. The 
synthesis of creatine in the body in relation to phosphate and 
muscle metabolism was discussed and any condition, or set of 
conditions, that influences the general body metabolism will, at 
the same time, influence creatinine-creatine equilibrium. 

Creatine-Creatinine Metabolism and the Hormones. HI. Effect 
of Parenteral Injection of Creatine and Creatinine with the Sex 
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HonnoQfiS upon, CresitiiiO'CreatiniUifi Excretion in Nonnsl 
Animals. By Howard H. Beard axd Ernest .1. Jacob. 
From the Dcparlmcnt of Biochemistry, Louisiana Slate Uni- 
versity School of Medicine, New Orleans 
Different amounts of creatine and creatinine, with and without 
testosterone propionate and thcelol, ivere injected into normal 
rats and the effect of this treatment upon crcatinocrcatinine 
excretion was obseni'ed. The results obtained confirmed our 
previous findings, as follows: creatine is not changed into creat- 
inine in the rat; the sex hormones injected with creatine likewise 
do not increase the creatinine excretion; the injection of creatinine 
stimulates the excretion of creatine and this function of creatinine 
is increased when it is injected with the sex hormones ; no difference 
in the effect of the sex hormones upon creatine-creatinine metab- 
olism in rats has been obsen’’ed. 

Creatine-Creatinine Metabolism and the Hormones. IV. Effect 
of Parenteral Injection of the Sex Hormones, with and without 
Creatinine, upon Creatine-Creatinine Excretion in the Ninety 
Day Castrate Rat. By Howard H. Beard and Ernest J. 
Jacob. From the Department of Biochemistry, Louisiana Slate 
University School of Medicine, New Orleans 
The sex hormones, testosterone propionate and theelol, nith 
and without creatinine and saline, were injected into rats 90 days 
after Castration and the effect of this treatment upon the excretion 
of creatine in the urine was studied. No effect was obsen'ed under 
these conditions upon the excretion of creatine which is in contrast 
to the creatine excreted in the normal animal or recent castrate 
under sumlar experimental conditions. The creatinuria observed 
was due to the effect of saline alone. It was suggested that 
secondary changes in some of the other endocrine glands may 
account for these findings. A summary of results obtained when 
different hormones are injected in normal and castrate animals 
upon creatine-creatinine metabolism is given. 

The Effect of Titanium on Sulfur Metabolism. By Mary L. G. 
Bernheiu. From the Department of Biochemistry, Duke 
University School of Medicine, Durham, North Carolina 
Since the oxidation of — SH groups to — SO 3 H in rat liver in 
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vitro is inhibited by traces of Ti,* the effect of Ti on the ratio, total 
SO 4 to total S, in rat urine was determined. A suspension ol 
Ti(OH )4 (1.5 mg. per kilo) was injected intraperitoneally. Dur- 
ing the following 24 hours the excretions of total N, total S, and 
SO 4 were all less than normal, but the SO 4 excretion was relatively 
much lower, giving a very low ratio of total SO 4 to total S. This 
effect was compared with that obtained by fasting the rat for 24 
hours. The total N and total S excretion was reduced even more 
than after Ti, but the ratio of total SO 4 to total S was only very 
slightly lowered. The following are typical figures: total N (mg. 
per 24 hours) normal 204, fasted 100, after Ti, 125; ratio of total 
SO 4 to total S, normal 0.67, fasted 0.52, after Ti, 0,26. A rapid 
return to normal of the N excretion after the Ti injection showed 
that the liver was not permanently damaged. 

The low ratios obtained after treatment with Ti cannot be the 
result of the failure of the rat to eat, but are probably caused by 
the inhibition by the metal of the oxidative enzymes concerned 
with sulfur metabolism. 

Structure of Vitamin Kj. By S. B. Binkley, R. W. McKee, 
Sidney A. Thayer, and Edward A. Doisy. From the Labora- 
tory of Biological Chemistry, St. Louis University School of 
Medicine, St. Louis 

Evidence has been previously presented to show that vitamin 
K 2 is a 2,3-disubstituted naphthoquinone with six double'bonds 
in the side chains. Since the vitamin does not react with maleic 
anhydride, the presence of conjugated double bonds is not likely. 
A model experiment in which the diacetate of dihydro vitamin Ki 
was ozonized in glacial acetic acid and decomposed by zinc in ether 
gave an excellent yield of 1 ,4-diacetoxy-2-methylnaphthalene-3- 
acetaldehyde which was further characterized as the semicarba- 
zone. Ozonization of the diacetate of dihy'^dro vitamin K 2 under 
the same conditions gave 1 ,4-diacetoxy-2-methylnaphtlialene-3- 
acetaldehyde. Analysis and mixed melting point shorved tins 
aldehyde as well as its semicarbazone to be identical with the same 
compound obtained from vitamin Ki. The isolation of this 
aldehyde shows conclusively that vitamin K 2 is a 2 -methyI-l ,'1- 
naphthoquinone. 

* Bernheim, F., and Bernheim, M. L. C., J. Biol. Chem., 127, 695 (1939). 
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From the ozonization reaction le\'ulinaldehydc was isolated as 
the bis-2,4-dinitrophcnylhydrazone in 81 per cent jdcld, based on 
the assumption that 1 mole of the vitamin would yield 5 moles of 
le^'ulinaldehj'de. 

Acetone was also isolated from the ozonization mixture in 56 
per cent }neld, assuming that 1 mole of acetone originates from 1 
mole of -vitamin K;. The acetone was characterized as the 2,4- 
dinitrophenylhydrazonc and by iodometric titration. 

On the basis of anal3'se3, molecular weight determinations, and 
degradation products C^iHssOs is proposed as the correct empirical 
formula for vitamin K:. The proposed structure is best expressed 
by the following formula. 


0 



Influence of Induced Hibematioa on the Growth Beha-vior of 
Mouse Neoplasms. By Fritz Bischoff, M. Louis.a. Long, 
AND J, Jerome Rupp. From (he Chemical Laboratory, Santa 
Barbara Cottage Hospital Research Institute, Santa Barbara 
It has been found possible bj' subjecting mice to a sudden low 
environmental temperature, — 2° to — 5°, to reduce the body 
temperature belo-w 20° for 7 hour periods on 5 successive days or 
for a continuous 24 hour period, wherebj' a condition resembling 
hibernation was produced. In the range of skin temperatiure 
(inguinal), 15-20°, the animals lose consciousness, respiration is 
considerably lessened and erratic, and the heart-beat is reduced 
to about one-half the normal beat. The blood sugar falls below 
normal in the initial stage. It requires about 2 hours to arrive at 
this stage. By lowering the en\dronmental temperature 10-15° 
below room temperature (20°) for 10 to 15 day periods no hiberna- 
tion resulted. The groui-h behavior of Sarcoma 180 and the 
spontaneous Marsh-Buffalo adenocarcinoma has been studied in 
thirty-two mice subjected to hibernation. Matched tumors were 
used as controls. No permanent effect upon the gro-wth process 
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was noted. A temporary growth retardation, of the same order 
as that produced by caloric restriction, was indicated. Loss of 
body weight during the hibernation period was about 15 per cent. 

The Microestimation of Alanine and Threonine. By Richard 
J, Block, Diana Bolling, and Merrill Webb. From ik 
Department of Biochemistry, New York State Psychiatric 
Institute and Hospital, New York 

10 rag. of protein are hydrolyzed with 8 N H 2 S 04 ; the HjSO^is 
removed by an excess of barium acetate. After removal of the 
BaSOi the combined filtrates and washings are concentrated, to 
dryness and dissolved in 50 per cent acetic acid. An aliquot con- 
taining 1 or 2 mg. equivalents of protein is oxidized with lead 
tetraacetate or sodium periodate (pH 8) at 30°. Under these 
conditions threonine alone is converted quantitatively to acetal- 
dehyde. The latter is aerated into concentrated H 2 SO 4 con- 
taining an excess of p-hydroxydiphenyl. The condensation of 
acetaldehyde with p-hydroxydiphenyl yields a permanent red- 
violet color with an absorption maximum at 560 mp. 

The estimation of alanine is carried out in the folloiving way. 
An aliquot of the protein hydrolysate equivalent to 0.5 or 1.0 rag. 
of protein is deaminated with NaNOz and the excess HNO 2 is 
removed by warming. The solution is oxidized with lead tetra- 
acetate as described above and the theoretical quantities of 
acetaldehyde are formed from alanine and from threonine. Ala- 
nine is then estimated by the difference in the amounts of aldehyde 
produced before and after deamination. 

Influence of Parathyroid Deficiency on Reproductive Success in 
the Albino Rat. By Meyer Bodansky and Virginia B. 
Duff. From the John Scaly Memorial Research Laboratory 
and the Department of Pathological Chemistry, School of Medi- 
cine, University of Texas, Galveston 

Parathyroidectomized rats, maintained on a diet which assures 
maximum reproductive success in normal rats (Diet 7 of Cox and 
Imboden), showed a marked reduction in the per cent of fertile 
matings, a moderate reduction in the number of young per litter, 
and a very conspicuous reduction in the average size of the rat 
pups at term. The combination of parathyroid deficiency and a 
diet low in calcium (Diet 26 of Cox and Imboden), or high in 
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phosphorus (Diet 10 of Cos and Imbodcn), resulted in extremely 
low grades of fertile matings (less than 5 per cent). Parathyroid 
deficiency interferes with spontaneous delivery and is associated 
with a high rate of maternal mortality. The severe manifesta- 
tions of late pregnancy appear to be related to hypocalcemia and 
maybe averted by altering the mineral composition of the diet. 

Nutritive Value of Zein Hydrolysates. By Ravmoxd Boucunns 
AND Claren'ce P. Berg. From the Biochemical Lahoralory, 
State UnncTsiii/ofIowa,lovca City 

Sulfuric acid h3'drol3'5atcs of zein were prepared b3' refluxing 
the protein with 25 per cent acid (b3- volume) for 16 hours (I) or 
heating it in the autoclave with 14 per cent acid at 140° for 7 
hours (II), with 10 per cent acid at 165° for S hours (III), or with 
14 per cent acid at 180° for 15 hours (IV). In H3'drol3'satcs I and 
II the percentage of amino nitrogen based on total nitrogen was 
about the same (71 and 69); in H3'drol3'sato III the percentage 
was lower (about 60) and in Hydrol3'sate IV still lower (about 
55), indicating possible amino acid destruction or polymerization. 

Such h3'drol3-sates, freed of sulfuric acid, were supplemented 
'vith lysine, tryTJtophane, histidine, and C3'stine and fed to rats as 
the protein in a diet otherwise adequate. H3'drol3'sates I and II 
allowed slow growth equal to that on whole zein, but Hydrolysates 
in and IV did not support growth. Additions of threonine to the 
diets containing w’hole zein or Hydrolysate I or II did not appre- 
ciably accelerate the growth rate; similar addition to the diet 
containing Hydrol3'sate III induced slow growth, but to the diet 
containing Hydrolysate IV, little or no change. 

Analyses by the method of Block and Bolling indicate that zein 
contains threonine in an amount which is critically low for growrth 
and that the conditions used in preparing Hydroly'sates III and IV 
estroy most, if not all, of the threonine. In Hydrolysate IV 
significant amounts of other essential amino acids may also have 
been destroyed. 

Glycocyamine and Methionine As Precinrsors of Creatine in 
A^Unial Tissues. By Henry Bohsook and Jacob "W. Dtjb- 
noit. ^ From^ the William G. Kerckhoff Lahoratories of the 
10 gical Saences, California Institute of Technology, Pasadena 
e ormation of creatine in vitro in the liver and kidney of 
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seven animals — cat, dog, frog, guinea pig, pigeon, rabbit, and rat— 
was studied. The tissue slice technique was used; true creatine 
was distinguished from other Jaffe reagent chromogens by means 
of the bacterial enzyme suspension of Miller and Dubos. 

The livers of all the animals converted glycocyamine to creatine. 
The increases with glycocyamine were from 5 to 30 times the 
spontaneous increases or the blank values. This, apparently, is a 
general property of liver, and suggests that methylation of glyco- 
cyamine in the liver is one of the normal sources of creatine. The 
kidneys of the guinea pig and pigeon also methylated glycocyam- 
ine, but at a slower rate than in the liver. The kidneys of the 
other five animals were negative in this respect. 

Creatine formation in the liver from glycocyamine was increased 
by methionine in all the animals except the guinea pig and rabbit. 
No such effect of methionine was observed in the kidney of any of 
the animals except the pigeon. 

Slight creatine formation from preexisting precursors was ob- 
served in the liver of the guinea pig, pigeon, and rat, and in the 
kidney of all animals except the pigeon. The absolute increases 
over the blanks were small. 

Liver and Iddney tissue (rat) ground so that all cells were dis- 
integrated produced no creatine (or dubious small increases) from 
preexisting precursors, and none from glycocyamine, with or 
without added methionine. 

Canine Cystinuria. VI. By Erwin Brand and George F. 

Cahill. From the Departments of Biochemistry and of Urology, 

College of Physicians afid Surgeo7is, Columbia University, New 

York 

Further progress has been made in the attempt* to establish a 
cystinuric strain! of Irish terriers. Cystinuria in these dogs is not 
present at birth, but appears around maturity. Information con- 
cerning the development of the disorder is not yet available. 
The data are not sufficient to allow a genetic interpretation of the 
mode of inheritance. 

Litter 4 consisted* of two cystinuric males and three normal 

* Brand, E., Cahill, G. F., and Slanetz, C. A., Proc. Am. Soc. Biol Chem., 
J. Biol Chem., 123, p. xvi (1938). 

t Brand, E., Cahill, G. F., and Kassell, B., J. Biol Chem., in press. 
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females. Mating of a cystinuric male from this litter wath its 
normal sisters yielded four litters. In two of these litters from 
one female no cj'stinuric animals were found at maturity (several 
dogs showed a cystine c.xcretion slightly higher than normal). 
In a litter from the other female two males and one female devel- 
oped cystinuria at about 11 months of age (cystine sulfur ac- 
counted for 11 to 23 per cent of the total iirinarj' sulfur). A 
second litter from this female has not 3'et reached maturity. 

Back-crossing of several females from these litters with their 
cjrstinuric sire has jnelded five litters which are still under investi- 
gation. 

It is hoped that during the ne.xt few j'ears a larger number of 
cj'stinuric dogs will be obtained, which will be made available to 
other research workers. 

As a by-product, a considerable number of normal, highly 
inbred dogs have been produced. With these dogs a "standard” 
breed for scientific purposes may be developed; some of the 
“standard” dogs are alreadj' being used by other laboratories. 

The Effect of Thiamine on Pancreatic Lipase and Spinal Cord. 
By N.<tTHAmEL Brower and Shiro TASHrao. From the 
Biochemistry Department, University of Cincinnati, Cincinnati 
Following the report* of the presence of a demyelinating agent 
in the spinal fluid and urine accompanying multiple sclerosis, an 
attempt was made to find whether such spinal fluid manifested a 
greater lipolytic actmty. 1 cc. of such spinal fluid showed no 
appreciable actmty but it enhanced the hydrolj'sis of olive oil bj' 
steapsin. This means either that the spinal fluid of this disease 
has more lipolytic accelerator, or has less antilipolytic substance. 

Sasakif found that a decrease of phospholipid content of nervous 
tissue of vitamin Bi-deficient albino rats could be restored appre- 
ciably by treatment with rdtamin Bi, and, since thiamine is used 
in the treatment of multiple sclerosis, we investigated to determine 
whether thiamine acts as an antilipolytic agent. The results show 
that hydrolysis of olive oil by pancreatic lipase is diminished 
approximately to 80 per cent with 9 y per 15 cc. and 50 per cent 

Weil, A., Luhan, J. A., and Balser, B. H., Tr. Am. Neurol. Assn., 
142-144 (1935). 

t Sasaki, Y., Thesis, University of Cincinnati (1936). 
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with 300 7 per 15 cc. This inhibitory action of thiamine against 
the demyelinization of spinal cord by steapsin will be demon- 
strated. 

The Stabilization and Determination of Blood Pyruvate. By 
Ernest Bueding- and Herman Wortis. From the PsycMal- 
ric Division, Bellevue Hospital, New York 
A significant decrease in pyruvic acid was found after 1 minute 
if blood was allowed to stand at room temperature before precipi- 
tation with trichloroacetic acid. Since the precipitation of blood 
following its withdrawal requires about 30 to 90 seconds, the 
necessity of using some stabilizing agent prior to precipitation is 
obvious. Sodium iodoacetate in a concentration of 0.2 per cent 
was found to inhibit completely the disappearance of pyruvate 
in vitro and was therefore used as a stabilizing medium for the 
determination of blood pyruvate. The method of Lu* was then 
modified in the following ways: (1) Larger amounts of blood were 
used. (2) The dinitrophenylhydrazone of the pyruvic acid, to- 
gether with the free hydrazine, was extracted first with 4 ml. and 
then twice with 2 ml. of ethyl acetate. (3) 2 n sodium hydroxide 
was added to the sodium carbonate extract. The blood pyruvate 
level in 60 normal subjects varied from 0.77 to 1.16 mg. per cent 
(average 0.98 mg. per cent). Sodium cyanide increased the dis- 
appearance of pyruvic acid in vitro and this disappearance was not 
prevented by sodium iodoacetate. Sodium fluoride had neither 
an inhibiting nor an accelerating effect on the disappearance of 
pyruvic acid in vitro. The pjrruvic acid content of the cerebro- 
spinal fluid remained constant even if samples were allowed to 
stand at room temperature for 1 hour. The correlation of these 
findings to the functioning of cocarboxylase is discussed. 

Acylation of Amino Acids in Pyridine. By Herbert E. Carter, 
Philip Handler, and Carl M. Stevens. Froin the Division 
of Biochemistry, Noyes Laboratory of Chemistry, University of 
Illinois, Urbana 

The acylation of amino acids in pyridine has been attempted by 
several workers, but with little success. Since the use of pyridine 
as an acylating medium has certain advantages, particularly in the 

* Lu, G. D., Biochem. J., 33, 249 (1939). 
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case of acj'l chlorides of low molecular weight, we undertook a 
study of the reactions of amino acids with acid chlorides in pyri- 
dine. It was discovered that this method of acylation is limited 
by the insolubilitj' of certain amino acids (tyro.sinc, serine, threo- 
nine, and cystine) in pjTidinc, and I)j' certain complicating side 
reactions, the extent of which, to a large degree, depends on the 
nature of the acid chloride used. Valine, phenylalanine, and 
leucine, when suspended in pyridine at room temperature, react 
readily -with acid chlorides. The yield of aejdated amino acid 
obtained, with use of equivalent quantities of amino acid and acid 
chloride, varied from 40 to 75 per cent in the ease of aliphatic acid 
chlorides. The yield was not increased by varjing the ratio of 
acid chloride to amino acid. In the case of benzo}’! chloride the 
jield of benzoyl derivative was verj* low. The main product con- 
sisted of a benzoylatcd dipeptide. A study of the mechanism of 
production of the dipeptide leads to the discovery' of the rather 
complex series of reactions which may' take place when an amino 
acid and an acid chloride are allowed to react in the presence of 
ppidine. These side reactions occur in varying amounts with 
different acid chlorides. In the majority of cases, however, they 
are of suflScient importance to render the use of pyridine as an 
acylating medium rather unsatisfactory. 

The State of Calcium and Magnesium in Blood Serum. By 
Alfred Chanutin', Stephan Lttdew'ig, and A. V. Masket. 
From the Biochemical Laboratory, University of Virginia, 
University 

Seruin was centrifuged for 7 hours in an ultracentrifuge capable 
0 exerting a force of about 90,000 times gravity. The serum w'as 
vided into four or five fractions and the calcium or magnesium, 
otal protein, albumin, and globulin, and total solids were deter- 
mined in the respective samples. 

The relationship of calcium and magnesium and protein was 
determined. It was possible to estimate the Ca++ and Mg'^ 
^centrations in a large number of serums obtained from patients, 
t calcium ion concentrations and for pKcaProt ob- 

b^^^M P^y®*cochemical means are similar to the values reported 
0^4 Hastings. The combining power of albumin 

and globulin for calcium was studied. 
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A Microscopic Study of the Effects of Choline Deficiency in 
Young Rats. By Kermit Christensen. From the Depart- 
ment of Biological Chemistry, St. Louis University School oj 
Medicine, St. Louis 

Recent studies* on choline deficiency in young rats have sliown 
that in addition to the production of a fatty liver, a hemorrhagic 
degeneration of the kidneys occurs, also involution of the thymus 
gland, enlargement of the spleen, transformation of lymph nodes 
to hemolymph nodes, and in the more severe cases, hemorrhage in 
the eye. The chief effect in the liver is the storage of fat by the 
liver cells. The renal hemorrhage is localized in the capsule and 
in the connective tissue between the tubules in the peripheral 
parts of the cortex. Cortical blood vessels beyond the glomeruli 
were involved and glomeruli are not affected unless in a particu- 
larly hemorrhagic zone. Necrosis of the kidney tubules is found 
in the peripheral parts of the cortex and more deeply the tubules 
show degenerative changes. At the boundary of the cortex and 
medulla, the tubules contain hyalin casts and, in the most severely 
affected animals, casts are present in the papillary ducts. The 
changes in the thymus gland resemble normal involution. In the 
smallest thymus glands no cortical tissue is left. The enlarged 
spleen shows evidence of much congestion, particularly in the red 
pulp. The appearance of blood in the sinuses of the lymph node 
is suggestive of a change to a hemolymph node-like structure. 
Hemorrhage in the eyes occurs mainly from blood vessels in the 
ciliary body and in the iris. 

Transamination in Liver and Kidney. By Philip P. Cohen. 
From the Laboratory of Physiological Chemistry, Yale Uni- 
versity School of Medicine, New Haven 

The reaction between a-ketoglutaric acid and different amino 
acids to form glutamic acid (transamination) has been studied in 
liver (rabbit) and kidney cortex (pig). Tlie importance of these 
two tissues in amino acid metabolism makes such a study par- 
ticularly desirable. Glutamic acid was determined by the author s 
method. 

The percentage of added a-kctoglutaric acid converted into 
glutamic acid in the presence of various amino acids for kidney 

* Griffith, W. H., and Wade, N. J., J. Biol. Chem., 131, 567 (1939). 
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and liver respectively is as follows; (1 part of minced tissue *}' 3 
parts of saline-phosphate; 3 ml. of tissue in each cup; gas pliase, 
iS-; incubation time 60 minutes; temperature 38°; substrate con- 
centration, 0.02 M (0.004 .M for d/-amino acids)) /(-)-aspartic acid, 
55, 46; l(-|-)-alanine, 35, 42; f(-b)-argininc, 19, S; f(-f)-isoleucinc, 
18, 4; f(-)-leucine, 10, S; Z(-b)-vaIinc, 15, 12; K-)-phcnylalanine, 
8, 8; l(-)-cysteine, 2.8, 0; glycine, 0, 0; (ff-mcthioninc, 15, 0; 
K-)-proline, 0, 0; i!(— )-trj'ptophane, 0, 0; f(-{-)-lysinc, 3.6, 0; 
d/-histidine, 0, 6.6; d(-f)-phenylalanine, 0, 0; d(— )-iso]eucine, 0, 
0; d(-f)-leucine, 0, 0. 

It appears from these data that more amino acids react with 
oc-ketoglutaric acid to form glutamic acid in liver and kidney than 
in pigeon breast muscle.* As in pigeon breast muscle, the reac- 
tion is most active with Z(— )-aspartic acid and 2(-f)-alanine. 
None of the amino acids of the d series has been found to be 
active. The nature of the enzyme sj'stems invoh'cd in trans- 
amination is at present under investigation. 

The Effects of Strontium and Calcium on the Uterus. By Versa 

V. Cole axd Bex K. H.-vaxED. From the Lahoralonj of 

Pharmacology, Woman’s Medical College of Pennsylvania, 

Philadelphia 

A comparison of the effects of strontium and calcium on the 
muscular actinty of isolated uterine strips from rats, guinea pigs, 
and dogs has demonstrated that in the presence of appropriate 
ratios of the two ions the number of maximal contractions is 
approximately double that in an equimolar concentration of 
calcium alone. 

Uteri from non-pregnant and pregnant animals were used and 
the cyclic condition of the uterus or the progress of the gestation 
nas noted. Except for the dogs, death was by concussion, 
f^rresponding strips of the uterus were placed in identical por- 
tions of oxygenated Locke’s solution, 37.5°, containing in separate 
experiments vaiydng amounts of calcium. The acti\’ity of the two 
sections was recorded simultaneously, and after an appropriate 
control period, during which the strips duplicated each other 
satisfactorily, strontium was added to one bath and calcium to the 
ot er. A striking difference between the ions was obtained with 

* Cohen, P, P,, Biochem. J., 33, 1478 (1939). 



xxii Scientific Proceedings. XXXIV 

the rats, guinea pigs, and dogs, but there was only a questionable 
distinction with rabbits. The effects were not due to barium 
contamination. The chlorides, acetates, and nitrates were em- 
ployed, and the pH of the uterine bath was controlled by passing 
the oxygen through 1.5 per cent sodium bicarbonate or water. 

Toxicity curves made by the intravenous injection of the 
acetates of strontium and calcium into 280 rats and 140 mice show 
that the greater effect of strontium on the uterus is not accom- 
panied by a correspondingly greater increase in general toxicity. 

Phosphorylation of Glucose in Kidney Extract. By Sidney P. 

CoLowiCK, Mary S. Welch, and Carl F. Cori. From the 

Department of Pharmacology, Washington University School of 

Medicine, St. Louis 

Kalckar* has shown that fructosediphosphate accumulates 
when glucose, inorganic phosphate, and fluoride are added to 
Iddney extract and that this phosphorylation occurs under aerobic 
conditions only. He also found that addition of citrate, glu- 
tamate, or succinate increased the rate of respiration and phos- 
phorylation. The formation of fructosediphosphate was con- 
firmed; in some cases phosphoglyceric acid was also present 
among the products of glucose phosphorylation. In order to 
study the components of this system kidney extracts were aged 
for 24 hours at 10° or they were dialyzed for 4 hours at 0°. 

Aged extracts respired at less than one-half of the original rate 
and did not phosphorylate glucose. Addition of 0.001 m adenylic 
acid restored both respiration and phosphorylation to the original 
level. In some aged extracts phosphorylation was restored only 
when both adenylic acid and cozymase were added, showing that 
both are necessary components of the system. 

Dialyzed extracts neither respired nor phosphorylated glucose 
and were not restored by addition of adenylic acid and cozymase. 
When m/40 citrate, Z(-f )-glutamate, ketoglutarate, or succinate 
was added, there was some increase in respiration but no phos- 
phorylation of glucose. When in addition to these substrates 
Mg++ was added, respiration increased 2 to 5 times and large 
amounts of glucose were phosphorylated. Malate or pyruvate 


♦ Kalckar, H., Enzymologia, 6, 209 (1939). 
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plus Ivlg++ did not cause phosphor 3 'Iation in extracts which were 
reactivated by succinic acid. This suggests that the phosphoryla- 
tion of glucose in this system may be linked with the dehydrogena- 
tion of succinic to fumaric acid. 

Preparation, of Keto-l-Uronic Acids and Their Relations to Carbo- 
hydrate Oxidation. By L. T. Crews, Fay Sheppard, H. C. 
SUDDUTH, AND Mark R. Everett. Ftoiii ilic Department of 
Bioehemislry, University of Oklahoma Medieal School, Oklahoma 
City 

A series of keto-l-uronic (osonic) acids has been prepared by an 
improved method based upon cupric acetate oxidation of aldoses 
in alcoholic solution, bromine oxidation of the resulting osones, 
separation of the desired acids as barium salts, and crystallization 
of pure alkaloidal salts. New acids isolated by this procedure 
will be described. 

Studies of the relations of keturonic acids to salt-catalyzed 
hydrogen peroxide oxidation of carbohj’dratcs have provided 
information concerning the oxidative mechanism. Pentoses 
constitute approximately two-thirds of the accumulating reducing 
products from monocarboxylic acids in this reaction, owing to the 
stability of aldoses (and ketoses) to hydrogen peroxide. The 
remaining reducing substances are keturonic acids stable to 
bromine and precipitable as barium salts. Only small quantities 
of keto-5-uronic and keto-6-uronic acids are formed and these 
important secondary products of bromine oxidation of aldoses 
are not active intermediates in hydrogen peroxide oxidation of 
monocarboxylic acids. l-Sorbo-6-uronic acid requires bromine 
for salt-catalyzed oxidation but i-sorbo-l-uronic acid is actively 
oxidized by hydrogen peroxide under similar circumstances. 
Since no d-arabinose is formed from Z-sorbo-l-uronic acid, the 
pentoses originate by an interesting independent oxidative de- 
carboxylation of monocarboxylic acids in which keto-l-uronic 
acids are not intermediates. However, these acids are significant 
intermediates for more extensive degradation of carbohydrates 
by hydrogen peroxide, Monocarboxylic and keto-l-uronic acids 
are attacked chiefly at carbon atoms 1 and 2, Polyhydric alcohols 
are also oxidized by hydrogen peroxide with formation of ketoses 
and other reducing substances. 
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Factors Controlling Muscle Water and Electrolyte. By Daniel 

C. D ARROW, Herm.an Yannet, and Herbert C. Miller. 

From the Department of Pediatrics, Yale University School of 

Medicine, New Haven 

Cats were subjected to loss of body sodium and chloride and the 
muscle and serum analyzed for water and the principal anions and 
cations. Chloride of the muscle varies directly with the concen- 
tration in serum, as if practically all muscle chloride were present 
in an ultrafiltrate of plasma. Muscle sodium varies directly with 
the concentration of serum sodium but a larger volume of fluid is 
necessary to contain muscle sodium at the concentration of an 
ultrafiltrate of plasma than that necessary for chloride. Varia- 
tions in tissue water are largely intracellular and tissue water 
varies inversely -with the concentration of sodium in serum. The 
relationship is such that when the concentration of sodium in 
serum is reduced, the concentration of univalent base in intra- 
cellular water decreases only about two-thirds as much as does 
the concentration of univalent base in serum. 

Experiments on rats show that tissue potassium varies inversely 
with intracellular sodium. When muscle potassium is normal, 
it is difficult to raise the tissue concentration but, if a rise is pro- 
duced, there is evidence of loss of muscle sodium. When muscle 
potassium is abnormally low, injected potassium is readily retained 
by the muscle. Evidence is available that the factors controlling 
the- distribution of muscle water and electrolyte arc the same in 
adrenalectomized rats and rats with adrenals intact. 

The Colorimetric Determination of Cholic Acid.* By Robert T. 

Dillon. From G. D. Searle and Company, Chicago 

The colorimetric determination of cholic acid is an important 
analysis for those dealing with bile and bile acids. The current 
generally accepted modification of the Pettenkofer reaction (now 
known as the Gregory-Pascoe modification) is that of Reinhold 
and Wilson.* Doubilet more recently has contributed additional 
worth while changes. 

However, throughout the development of this analytical pro- 
cedure numerous questions have been left unsolved, others are 
seemingly inconclusively demonstrated, and in some few cases 

* Reinhold, J. G., and Wilson, D. W., J. Biol. Chem., 9G, 637 (1932). 
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contradictory remarks appear. This leaves a valuable colori- 
metric determination in an unsat isfactorj' and confused state. 
The factors may be divided into those which concern the method 
of preparing the bile solutions preparatory to colorimetric analysis 
and those which concern the various effects on the colorimetric 
determination itself. In the first group belong the protein pre- 
cipitation procedures with alcohol and with zinc hj’dro.vide and 
other preanal3’tic.al treatment of the sample, such as alcohol and 
alkali treatment. Studies have been carried out on these effects 
in both pure cholic acid and bile solutions so that more specific 
directions for procedure can be outlined. In the last group belong 
the effects of alcohol and salts upon the actual colorimetric 
determination of cholic acid, as well as other factors in the tech- 
nique of determination, such as original color in the bile solutions, 
stabilitj' of the furfural solutions, and the effect of alcohol and 
acetic acid addition to the final colorimetric solutions. Studies 
on these factors have cleared up several questions. 

The Detennination of Ketone Groups in Ketocholanic Acids. Bt 

Robert T. Dillox axd Albert L. R.\ymoxd. From G. D. 

Searlc and Company, Chicago 

Man3’’ procedures are described for anal3'zing for the ketone 
groups in organic compounds but the results attainable nith the 
various modifications are inconsistent and inaccurate. The usual 
reagent is hydrox3'lamine, which readily reacts ■with the ketone 
groups present. Bryant and Smith* describe a modification of 
the usual procedure by adding pyridine to the reaction mbeture, 
which apparentl3" brings about more favorable equilibrium con- 
ditions for the reaction and may perhaps catalyze it. The useful- 
ness of this modification in synthetic work has been ampl3' demon- 
strated, chiefly on semicarbazone formation, but as an anal3-tical 
procedure it is, by the very nature of the method of titration, very 
limited in use. 

For the analysis of ketocholanic acids we have used the same 
reaction of h3'droxylamine in alcoholic pyridine solution. The 
reaction of the ketone groups with hydroxylamine is carried out 
at 100° in pressure bottles. Titration of the final mixture, along 
■with a suitable reagent blank, is conveniently carried out in 15 

• Bryant and Smith, J. Am. Chem. Soc., 67, 57 (1935). 
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per cent alcohol solution in which the oximes of the ketocholanic 
acids are insoluble. Titration with 0.5 n hydrochloric acid solu- 
tion is carried to a suitable end-point of about pH 3.0, with a glass 
electrode indicating system. An accuracy of better than 1 per 
cent is easily attained with ketocholanic acids such as dehydro- 
lithocholic acid, dehydrodesoxycholic acid, dehydrochenodesoxy- 
cholic acid, dehydrocholic acid, and other keto derivatives of 
cholanic acid. 

Other modifications of the hydroxylamine reaction were tried 
but the results were not satisfactory. 

Concerning the Metabolism of Testosterone to Androsterone. 
By Ralph I. Dorfman and James B. Hamilton. Frovi the 
Adolescence Study Unit, the Laboratory of Physiological Chem- 
istry, and the Department of Anatomy, Yale University School 
of Medicine, New Haven 

After administration of the testis hormone, testosterone, to men 
with deficient testicular secretions the principal androgen excreted 
in the urine is androsterone.* In order to study the mechanism of 
this conversion we have investigated the metabolism in the human 
of testosterone, methyltestosterone, androsterone, dehydroisoan- 
drosterone, and three theoretical intermediates; namely, etioal- 
locholan-3(a)-17-diol, etioallocholan-3 , 17-dione, and etiocholen- 
(4,5)-3,17-dione. 

The compounds were administered orally except in the case of 
testosterone which was administered both orally and intra- 
muscularly. The subjects were four men, three showing definite 
symptoms of hypogonadism and the fourth a surgical castrate. 
The complete output of urine was collected during the periods of 
treatment which varied from 6 to 10 days. The urines were 
hydrolyzed with hydrochloric acid and extracted with benzene. 
The neutral compounds of the benzene extract were separated into 
the ketonic and non-ketonic fractions by means of the Girard- 
Sandulesco reagent. Each fraction was assayed for androgenic 
activity. It was found that all of the compounds administered 
were absorbed from the gastrointestinal tract, as measured by 
increased excretion of androgenic substances in the urine. This 

* Callow, N. H., Biochem. J., 33, 559 (1939). Dorfman, R. I., Cook, 
J. W., and Hamilton, J. B., J. Biol. Chem., 130, 285 (1939). 
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increase was especially marked in the fraction containing the 
ketonic substances. 

Androstcrone was isolated from ketonic fractions of the urines 
collected after the administration of testosterone, androstcrone, 
etioallocholan-3,17-dionc, and etiocholen(4,5)-3,17-dionc. The 
isolation of androstcrone after the administration of the latter two 
compounds is particularly interesting, since they may well be 
intermediates in the conversion of the testis hormone, testosterone, 
to the urinarj’ androgen, androstcrone. 

Intravenous Fat Is Not a Precursor of Cholic Acid in the Dog. 
By Mildred E. Doster-Virtue ,\nd Robert W. Virtue. 
From the Department of Chemistry, University of Denver, Denver 
Bile fistula dogs were maintained for consecutive 3 day periods 
on a diet of carbohydrate, on intravenously injected homogenized 
fat emulsions, and on a protein diet. Each tj^e of material 
furnished the animals 50 calorics per kilo per day. The cholic 
acid e.xcretion on the carbohydrate and fat regimes decreased 
steadily, whereas on the protein diet it rose to high values. 

6(a)-Hydroxyprogesterone. Bv M.vxixuli.vn Ehrekstein and 
Thelma 0. Stevens. From the George S. Cox Medical Research 
Institute, University of Pennsylvania, Philadelphia 
The preparation of progesterones and desoxj'corticosterones 
which are hydroxjdated at various carbon atoms of the sterol 
nucleus appears desirable in order to investigate the chemical 
specificity of “corpus luteum hormone" and "cortin” action. The 
acetate of the 6(ci:)-hydroxyprogesterone was obtained by means of 
the following procedure: 5-pregaen-20-on-3'Ol yielded with hydro- 
gen peroxide pregnan-20-on-303)-5,6(frans)-triol; m.p. 256-258“.'’' 
-Acetylation of the latter furnished the 3,€^iacetate-, m.p. 215.5- 
216.5°. With special precautions, a partial saponification was 
performed whereby the hydroxyl group at carbon atom 3 was 
set free. Melting point of the 6-monoacetate, 222-226°. Oxida- 
tion of the latter compound with chromium trioxide furnished 
pregnane-3, 20-dione-5, 6 (lrans)-diol 6-monoacetate; m.p. 215- 
217.5°. This compound was dehydrated by means of dry 
hydrochloric acid in a solution of chloroform. Thereby 4-preg- 

* See also Ehrenstein, M., J. Org. Chem., 4, 506 (1939). 
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nene-3 , 20-dion-6(a)-ol acetate (6 (a)-hyclroxyprogesterone acetate) 
was obtained; m.p. 145-146°. Saponification to the free 6(a)- 
hydro.xyprogesterone is under way. Pregnan-20-on-3(/3)-5,6(m) 
is being used to prepare 6(/3)-hydroxyprogesterone. 

The Distribution of Body Water in Skeletal Muscle in Normal 
Dogs Following Injections of Potassium Salts. By Lillian 
Eichklberger. From the Lasker Foundation for Medical 
Research and the Department of Medicine of the University of 
Chicago, Chicago 

Data will be presented on volumes of the extracellular and 
intracellular phases of skeletal muscle of normal dogs, both before 
and after increases in potassium and total body water produced 
by the intravenous injection of an isotonic solution containing 25 
mM KHCO3 + 129 mM NaCl. These findings will be compared 
statistically with those obtained both previous to and following 
the intravenous injection of a solution containing 25 mM NaHCOs 
-f 129 niM NaCl on normal animals serving as controls. All data 
are expressed in terms of fat-free, blood-free muscle. 

Following the increase in body potassium and total body water, 
the total bulk of the skeletal muscle increased 69 gm. per kilo of 
original muscle as compared with an average of 58 gm. following 
the sodium chloride-sodium bicarbonate injections. This increase, 
as in the case of NaCl-NaHCOs injections, is entirci^' accounted 
for by the hydration of the extracellular phase, the intracellular 
phase remaining unchanged. From these findings, it is concluded 
that in the normal organism, after a simultaneous increase in body 
potassium and total body water, the additional water is distributed 
in the same way as the increased body water resulting from the 
intravenous injection of the isotonic sodium chloride-sodium 
bicarbonate solution. Therefore, in these experiments there is no 
indication of any influence of potassium upon the distribution of 
fluid in skeletal muscle in the normal organism. 

A Study of the Permeability of the Human Erythrocytes to Potas- 
sium, Sodium, and Phosphate by the Use of Radioactive 
Isotopes. By Anna J. Eisenman, L. Ott, Paul K. Smith, and 
Alexander W. Winkler. From the Department of Internal 
Medicine and the Laboratory of Pharmacology and Toxicology, 
Yale University School of Medicine, New Haven 
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Transfei-s of potassium, sodium, and pliospliatc between human 
serum and red cells were studied by the use of radioactive isotopes 
(furnished through the cooperation of Dr. Ernest C. Pollard of the 
Department of Physics). After 4 Iiours at SS® verj' little if any 
radiosodium and radiopotassium entered the cells. There were 
also no significant transfers of sodium and potassium as determined 
chemically. Therefore potassium and sodium in the cells were 
not in free diffusion equilibrium with the pota-ssium and sodium 
outside the cells. 

As much as 40 per cent of the radiophosphorus entered the cells, 
although the net transfer of inorganic phosphate, determined 
chemically, was much smaller. This is evidence that there is 
active entrj- of radiophosphorus and a subsequent f; 3 'nthesis of 
this into organic phosphates. Since the total inorganic phos- 
phates did not change, there must have been a simultaneous 
breakdoOTi of esters to inorganic phosphate. After 4 hours at 7° 
verj’ little transfer cither of radiophosphorus or of inorganic 
phosphates could be detected. Transfer of phosphate across the 
cell membranes is thus associated with enzymatic processes and 
not •with passive diffusion. 

Chemical Determination of Thiamine by the Melnick-Field 
Method. By A. D. Emmett, G.ul Pe.\cock, .\kd R.vymo.vd 
A. Browk. From the Research Laboratories of Parke, Davis and 
Company, Detroit 

Using the Prebluda-McCollum reagent (p-arainoacetophenone) 
for ■vdtamin Bi, together with xjdene, alcohol, and phenol as 
recommended Melnick and Field, we were able to confiim their 
findings that the method gives quantitative results. We sub- 
stituted the Lovibond tintometer for the colorimeter. This 
permitted a wider range of color comparison. The results for 
thiamine solutions, extracts of wheat germ, yeast, and liver com- 
pared favorablj’- nith the bioassay values. Further, we found 
that nicotinic acid did not interfere, whereas vitamin C did, unless 
it was first oxidized bj" titrating with iodine. 

Salt Catalysis of Carbohydrate Oxidation. By M.vrk R. Everett 
AND Fay Sheppard. From the Department of Biochemistry, 
University of Oklahoma Medical School, Oklahoma City 
Published studies of carbohydrate oxidation in aqueous solution 
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have dealt largely with degradation products of slow reactions at 
alkalinities which favor fission and dismutation. Our quantitative 
investigations of keturonic acid formation provide direct informa- 
tion concerning primary phases of carbohydrate oxidation. Com- 
prehensive studies of the effects of salts (including compounds of 
57 elements and of numerous organic acids) demonstrate that 
certain salts are very active catalysts for oxidation of carbo- 
hydrates by bromine or hydrogen peroxide at pH zones near 
neutrality. Certain synergistic and antagonistic activities of ions 
in these reactions resemble ionic balances known to affect biological 
carbohydrate oxidation and the syntheses dependent upon energy 
from this source. Hydrogen peroxide oxidation is catalyzed by 
relatively few of the salts effective with bromine; of these, alkali 
bicarbonates and copper and iron salts have especial biological 
significance. 

The oxidative catalytic activities of salts are more specifically 
related to the type of oxidant than to the carbohydrate substrate. 
Cations are the effective catalytic components of the salts and 
they usually exhibit their activities only in association with certain 
anions. However, anionic components of copper and iron salts 
tend to be less important for catalysis of oxidation by hydrogen 
peroxide. There is evidence that some of the most effective 
anions (tungstate, stannate, molybdate, borate, pyroantimonate, 
bicarbonate, hydroxide, and titanate) form inactive carbohydro- 
anion complexes which are activated by combination rvith ap- 
propriate cations. Salt catalysis evidently operates through 
coordination complexes of the type; 

oxidant salt carbohydrate 

cation+ anion“ cation+ anion“ (HO)„ 

Effect of Various Endocrine Extracts upon the Amino Acids in the 
Blood of Dogs. By Lee E, Farr and Louis K. Alpert, 
From the Hospital of The Rockefeller Institute for Medical 
Research, New York 

The discovery by Farr and MacFadyen of a chronic amino acid 
deficit in the blood plasma of nephrotic children and of acute 
exacerbations of this deficit during nephrotic crises directed atten- 
tion to a search for mechanisms controlling the level of blood 
amino acids. Using Van Slyke, Dillon, and MacFadyen’s* specific 

* Van Slyke, Dillon, and MacFadyen, unpublished work. 
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ninhydrin method for determining blood amino acid content, we 
confirmed previous investigators’ obsen'ations that epinephrine and 
insulin given subcutaneouslj’ decrease the plasma amino acids. 
On the other hand, pitressin, antuitrin-S, adrenal cortical hormone, 
testosterone propionate, and thj’roxine injected intravenously 
increase the plasma amino acids. Growth-promoting substance 
of the anterior pituitary shows a peculiar behavior: intraperi- 
toneally it decreases plasma amino acids, but intravenouslj* it 
raises them. None of the amino acid changes was accompanied 
by significant changes in blood urea nitrogen. Changes in the 
plasma amino acids after insulin were not accompanied by cor- 
responding changes in cell amino acids. 

The Microbiological Determination of Riboflavin. By R. E. 
Feeney and F. M. Strong. From the Department of Bio- 
chemistry, University of Wisconsin, Madison 
Evidence that the microbiological assay of Snell and Strong 
measures not only free ribofla^-iD but also combined forms was 
obtained by successful assays of Warburg’s flavin-adenine di- 
nucleotide and two samples of milk flavoprotein. The addition 
of relatively large amounts of -vutamin Bt, pantothenic acid, 
nicotinic acid, factor W, biotin, cocarboxylase, cozjmase, and 
adenylic acid to the basal medium had no significant effect on 
the assay of pure riboflavin. 

Investigations of experimental conditions involved in various 
analj’tical procedures for riboflavin showed that the following may 
cause serious destruction as measured by the bacteriological assay: 
exposure to diffuse daylight for more than a few minutes, auto- 
claving at a pH above 8.0, autoclaving with strong acids more 
concentrated than 0.1 N, oxidation nith KMnO< in acetic acid 
solution, reflu.xing with HiOj in n HjSOi-acetone (1:3) solution. 
Drj' materials containing riboflavin were stored in the dark at room 
temperature for extended periods without appreciable losses. 

The method has been e.xtended with fair success to a number of 
human and animal bloods, and with entire success to urine, feces, 
Lloyd’s reagent carrying adsorbed riboflavin, and a variety of 
other materials. 

Gastric Emptying and Intestinal Absorption of Glucose Solutions 
in the Rat. By P. F. Fenton and H. B. Pterce. From the 
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Department of Physiological Chemistry, College of Medicine, 
University of Vermont, Burlington 

Glucose solution of known volume, pH, and concentration was 
fed to fasted adult rats by stomach tube. At the end of a definite 
time interval (15, 30, 45, or 60 minutes) the animals were sacrificed, 
the abdomen slit open, and ligatures placed at the cardia, pylorus, 
and ileocecal sphincter. The stomach and small intestine were 
removed and their glucose, chloride, and fluid contents determined 
by suitable chemical methods. The pH of the gastric fluid was 
determined with a micro glass electrode. From the known concen- 
trations and volumes of solution at the beginning and end of the 
experimental period, the volume of gastric secretion, the volume 
of fluid and amount of glucose emptied from the stomach, and the 
amount of glucose absorbed were calculated. 

The volume of gastric secretion was found to be almost identical 
for isotonic and 64 per cent glucose solutions; however, the pH of 
gastric fluid in the latter case was distinctly higher, indicating an 
inhibition of secretion of gastric juice and an augmented secretion 
of non-acid fluid, probably water and mucus. 

The volume of fluid emptied per unit time was less with 64 per 
cent glucose than with isotonic solution, although more glucose 
was emptied with the former owing to the much greater concentra- 
tion of the test solution. 

The amount of sugar emptied and the amount absorbed in- 
creased with the concentration of the test solution. Furthermore, 
the rate of emptying and the rate of absorption were not linear 
functions but rather decreased markedly during the time interval 
studied. 

Muscle Glycogen Resynthesis after Exercise. By Eunice V. 
Flock and Jesse L. Bollman. From the Division of Experi- 
mental Medicine, The Mayo Foundation, Rochester, Minnesota 
Muscles of one hind leg of rats anesthetized with nembutal ivere 
stimulated directly to contract isotonically three times each 
second. Analysis of the muscles of each leg at subsequent inter- 
vals showed a rapid disappearance of glycogen, 60 to 80 per cent 
being lost -within the first 3 minutes. Only minor changes of the 
glycogen content occurred with subsequent continuous work. 
With rest after work the high concentrations of lactic acid and 
hexosemonophosphate in the muscle return to normal before an 



Society of Biological Chemists 


xxxui 


increase in tlie lonr glycogen content can be detected. After 30 
minutes rest a definite increase of glycogen is found and normal 
values are approximated after 1 to 3 hours. The rate of glycogen 
resjTithcsis is not materiallj' altered b}’’ variations in the glucose 
content of the blood produced by hepatectomy, insulin, adrenalin, 
or b 3 ’ glucose administration. Tliere is some delaj’’ in the rate of 
recovery after a fast of 4S hours. 

In rats poisoned with iodoacetate, cj'anide, or azide, or when the 
muscle is deprived of its blood supplj’ contraction ceases after the 
1st minute of stimulation. The changes in the muscle constituents 
are similar to those found after corresponding work in normal 
animals. With rest after work no change in glycogen occurs and 
the lactic acid content of the muscle maj' remain elevated. The 
glycogen content of the resting leg is surprisingK' little affected 
in the first 30 minutes. 

Notes on Gasometric Plasma Lipid Analyses. By Jordi Folch, 
H. A. ScHXEiDER, AXD Do.vald D. Van' Slyke. Ftoiu the 
Hospital of The Rockefeller Instilule for Medical Research, A'cio 
York 

Free Cholesterol — ^Wlien petroleum ether solutions of plasma 
lipids are taken to drjTiess, as in precipitation of cholesterol 
digitonide in the procedure of Krk, Page, and Van Slj'ke,* a slight 
amount of other organic matter in the extract becomes insoluble 
in both the ether and hot water used for washing the precipitate. 
In consequence the precipitate, when measured bj’’ its carbon 
content, pves results about 20 per cent too high. This error does 
not affect the total cholesterol estimation; apparentl}’ saponifica- 
tion alters the contaminant so that it no longer interferes. The 
error in free cholesterol is avoided by precipitating the digitonide 
in a medium containing water, absolute alcohol, and ether in the 
proportions 2:9:9. The precipitate forms quantitativety without 
taking to dryness when the mixture is kept overnight in an ice box. 

Lipid Amino 'Nitrogen — In the plasma lipids purified as recentlj’’ 
described, t a large part of the Nj set free bj"- reaction with HNO 2 
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under conditions used for lipid NH 2 determination* is due to the 
unsaturated groups in the fatty acids, one unsaturated linking 
evolving from HNO 2 about 0.12 mole of N 2 . When saturated as 
completely as possible in ether solution with H 2 in the presence of 
Pt catalyst, the total lipid mixture from human plasma yields with 
HNO 2 only 0.02 to 0.08 mole of N 2 per atom of phosphorus present, 
indicating but little free amino nitrogen in the phosphatides. 
Short hydrolysis with HCl sets free a water-soluble nitrogen com- 
pound, wdiich reacts with HNO 2 only after further prolonged 
hydrolysis. 

Seasonal Variation in the Metabolism of the Pneumococcus. Bv 
Theodore E. Fribdemann. From the Laboratory of Chemical 
Bacteriology, the Department of Medicine of the University of 
Chicago, Chicago 

An examination of metabolic data obtained over a period of 
several years, from 1930 to 1937, reveals a marked seasonal varia- 
tion in the intermediary metabolism of carbohydrate. The maxi- 
mum yield of 95 per cent of lactic acid is attained in July and 
August. Traces of volatile products are also produced. The 
yield of lactic acid then diminishes gradually until a minimum of 
about 45 per cent is reached in January and February. Large 
quantities of formic acid, acetic acid, and ethyl alcohol, produced 
in the ratio of 2:1:1, are present in the culture medium at this 
time. 

The culture medium Avas prepared from fresh beef muscle just 
before each experiment. These data for the first time demonstrate 
a difference in the composition of such culture media which is 
sufficiently great to affect the metabolism of bacteria. Marked 
variations in the intermediary metabolism are probably accom- 
panied by deep seated changes in other functions. A study of such 
variations, especially as related to the many seasonal changes 
observed in animals, may throAv light upon the perplexing problem 
of the seasonal occui'rence of certain infectious diseases. 

The Specificity of Proteolytic Enzymes from Normal and Tumor 
Tissues. By Joseph S. Fruton. From the Laboratories of The 
Rockefeller Institute for Medical Research, New York 
The availability of substrates of known structure and configura- 
tion has made possible a precise study of the specificity and 
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actrv'ation phenomena of the intracellular proteolytic enzymes. 
Partially purified extracts of beef spleen and beef and swine 
kidney have been found to hj'drolyzc an c.xtensive series of sjm- 
thetic peptides and peptide derivatives. In their action on most 
of these substrates, the cnzj'me preparations arc decisively acti- 
vated by the addition of substances such as cysteine, glutathione, 
the ascorbic acids, or HCN. From these studies it appears that 
in spleen and kidney extracts there are at least three tj'pes of 
proteoljdic activitj' that m.aj’ be characterized by their structural 
specificity and activation bcha\dor. 

Enzj-me preparations from six tumors (Browm-Pcarcc rabbit 
carcinoma, Bashford mouse carcinoma, mouse Sarcoma jM- 180, 
sarcoma of human bone, and carcinomas of human breast and 
thjToid) also hydrol3'zc a number of the s\Tithetic substrates; 
the enzjTnatic action of these extracts is usuallj' less than that 
obsen-ed with extracts of the normal tissues. 

In the case of two tumor extracts it was noted that peptide 
linkages involving d-amino acids (c.g. carbobenzjdoxy-d-glutamyl-f- 
tjTosine or d-leucineamide) were lydrolj'zed at rates similar to 
those for the corresponding I forms. Extracts of the normal tissues 
as well as the other tumors hydrolj*zed the I form of these sub- 
strates much more rapidly than the corresponding d forms. 

Effects of Anterior Pituitary Preparations in Experimental Pan- 
creatic Diabetes. By Oliver Henry G.^ebler and Harry 
W. Galbraith. Fi-om the Department of Laboratories, Henry 
Ford Hospital, Detroit 

This study is concerned with acute effects of single injections of 
anterior pituitary preparations, not with the permanent glycosuria 
produced in intact animals by prolonged injections. It concludes 
a senes of studies in which the same preparation, in the same dose, 
was administered to normal and phlorhizinized dogs, and to 
depancrcatized dogs maintained by diet and insulin. 

In normal animals no definite diabetogenic effects were ob- 
served; on the contrary, the nitrogen storage reported in earlier 
experiments was obtained. In depancrcatized dogs the same dose 
produced marked glycosuria, ketonuria, hyperglycemia, and 
lipeinia. It was necessary to double the maintenance dose of 
insulin, and the increased insulin requirement persisted for a 
month or more. 
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In meat-fed phlorhizinized dogs the same dose increased the 
ketonuria, but both nitrogen and glucose output were lower than 
in controls receiving phlorhizin alone, and the D:N ratio was 3.3. 
There was thus no evidence for increased conversion of protein or 
fat to glucose. In depancreatized dogs, if the injection of the 
growth preparation was accompanied by doubling of the insulin 
intake, the hyperglycemia and glycosuria were still produced, 
although the nitrogen output was diminished markedly, thus 
again eliminating protein as the source of the sugar. Interference 
with carbohydrate oxidation, and perhaps glycogen loss, remain as 
the most plausible explanations of the acute effects in depancrea- 
tized dogs under our conditions. 

The Oxidation of Bile Acid Esters by Aluminum Isopropylate 
and Acetone. By T. F, Gallagher. Froin the Department of 
Biochemistry of the University of Chicago, Chicago 
The oxidation of the esters of bile acids (cholic, desoxycholic, 
and 3-hydroxy-A-5-cholenic) by means of aluminum isopropylate 
in the presence of acetone and other ketones has been studied. 
The reaction appears to attain equilibrium with the production 
of compounds in which only the hydroxyl group at carbon atom 
3 is oxidized. The ethyl esters of cholic acid and 3-ketocholic 
acid form a series of mixed crystals and probably a 1 : 1 molecular 
compound. The oxidation of other steroids is being investigated 
in order to determine whether the hydroxyl at carbon atom 3 is 
specifically oxidized. The biological properties of 3-ketocholic 
acid have been studied. 

The Oxidation of Vitamin E. By Calvin Golumbic. From the 
Biochemical Laboratory, State University of loiva, Iowa City 
a-Tocoquinone, the first oxidation product of a-tocopherol 
which can be isolated, possesses no vitamin E activity. The 
same is true of the related a-tocohydroquinone and a-tocohydro- 
quinone triacetate. The biological significance of these results 
is discussed in relation to the sevei’al reversible oxidation-reduction 
systems produced by in vitro oxidation of a-tocopherol. On the 
assumption of the existence of a tocosemiquinone, three of such 
systems are possible. 

An approximation of the “apparent oxidation potential” of 
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sjTithetic a-tocopherol was secured bj"- oxidation of the compound 
benzoquinonc and methylquinoncs followed by electrometric 
analysis of the product for unchanged tocopherol. By this 
method, the “apparent oxidation potential" was found to lie in 
the range of a mono- or dimethjdhydroquinone. Benzohydro- 
quinones or benzoquinoncs with oxidation-reduction potentials in 
this region did not function as vitamin E. Properties other than 
the mere possession of an oxidation-reduction potential in the 
proper range are requisite for vitamin E acti\ity of a substance. 

Intestinal Absorption of Vitamin A in the Normal Rat. By 
E. LeB. Gn.A.v, Kexxeth MoncAnEiDGE, .^xd Johx D. Caw- 
ley. From the Laboratories of Distillation Products, Inc., and 
the Deparhneni of Biochemistry and Pharmacology, The Uni- 
versity of Pochester School of Medicine and Dentistry, Rochester, 
New York 

Evidence is accumulating that indicates a higher conversion 
factor for vita min A esters than for the alcohol, which has led to 
some speculation concerning the possibility that vitamin A esters 
may be absorbed as such mthout hydrolysis to the alcohol. 
Thirty-six adult female rats were each given by stomach tube a 
single dose of 54,000 u.s.p. units of distilled vitamin A ester in 1.0 
cc. of com oil. At regular internals up to 400 minutes, groups of 
four rats were etherized and the gastrointestinal tract from the 
esophagus to the ileocecal junction ligated and removed intact. 
The stomach and gut contents were washed out with saline and 
total lipid extracts of both washings and gut wall (including the 
stomach) prepared in the usual manner. Total vitamin A of the 
extracts was determined. Recoveries of the dose fed ranged from 
40 to 60 per cent. The samples were then distilled by analji;ical 
technique to determine the ratio of vitamin A esters to alcohol. 
It was found that the per cent of alcohol in the gut increased 
steadily from 4.4 per cent at 80 minutes to 16.2 per cent at 400 
minutes, while the alcohol in the gut wall increased from 59.2 per 
cent at 220 minutes to 81.9 per cent at 400 minutes. The alcohol 
content of the original preparation was less than 1 per cent. 
These results indicate that vitamin A esters are hydrolyzed in the 
gut prior to absorption, and that during the height of absorption 
the vitamin exists in the gut wall chiefly as the alcohol. 
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Factors Concerned in the Development of Tetany by the Rat. By 
David M. Geeenberg, Muriel D, D, Boelter, and Benja- 
min W. Knopf. From the Division of Biochemistry ^ University 
of California Medical School, Berkeley 
A study has been made of the relation of certain dietary and 
hormonal factors to the production of tetany in the rat. 

Extreme lack of calcium in the diet, alone, does not produce 
tetany, even though the blood calcium drops to extremely low 
levels. Tetany will result if the diet is deficient both in vitamin 
D and calcium. 

On the low calcium diet, tetany is produced by removal of the 
parathyroids and even more effectively by removal of the thyroid 
with the parathyroids. 

The attacks of tetany produced by the different procedures 
pursue a like course but show a difference in response to different 
stimuli. Attacks can be induced with a galvanic shock but not 
with the sound of an air blast in tetany associated with vitamin D 
and calcium deficiency or with healing rickets. Both stimuli are 
effective in tetany due to thyroparathyroidectomy, and the air 
blast only is an effective stimulus in the tetany of magnesium 
deficiency. 

Involvement of the central nervous system in the syndrome of 
tetany is shown by the following: (a) The rats are more sensitive 
to the mid-brain drug picrotoxin, (6) sedative doses of amytal and 
pentobarbital prevent the onset of attacks, and (c) rats with spi- 
nal transection reacted with the fore body but not with the hind 
extremities in attacks. 

Effect of Salts on the Physical Properties of Sodium Thymo- 
nucleate. By Jesse P. Grbenstein. From the National 
Cancer Institute, United States Public Health Service, Bethesda, 
Maryland 

Aqueous solutions of sodium thymonucleate are highly viscous 
and possess intense double refraction of flow. These properties 
are related to the extreme asymmetry of the highly polymerized 
nucleic acid molecules. 

The effect on these properties of a large number of inorganic and 
organic salts over a mde concentration range has been investi- 
• gated. Protein-free, native sodium thymonucleate (Hammarsten) 

! 
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was used. Certain of the results may be summarized as follows: 
(1) All of the salts studied markedly reduce the viscosity and 
dther diminish or destroy the streaming birefringence, the extent 
of the effect depending upon the nature and the concentration of 
the salt; (2) the most effective cation in this regard is guanidonium 
and the most effective anions are iodide and thiocyanate; (3) 
coincident with the drop in viscosity and loss of double refraction, 
the solution of salt and nucleic acid becomes isotropic and no 
longer light-scattering; (4) the effect is apparently completely 
reversible; i.e., removal of the salt restores the original viscosity, 
light scattering, and intensity of birefringence. 

The Sulfhydryl Groups of Rabbit and Calf Liver Nucleoprotein. 
Br Jesse P. Greeksteen'. From the National Cancer Institute, 
United Stales Public Health Service, Bethesda, Maryland 
A nucleoprotein fraction from rabbit and from calf liver has 
been isolated bj' a procedure based upon repeated isoelectric 
precipitation in the presence of 0.8 M salt, followed each time by 
thorough washing at the centrifuge with 0.8 m salt. SLx precipita- 
tions were performed; after the third a constant N.'P ratio was 
obtained. All procedures were conducted at 5°. The protein 
freed of salt was dried under high vacuum at low temperature. 
The yield was consistently 10 gm. from 2 kilos of wet tissue. 

Four preparations of rabbit protein jdelded the following average 
values, N 15.8, P 0.71, amide N 1.0, S 0.84. Two preparations of 
calf protein yielded N 14.9, P 0.82, S 0.95. 

All the preparations gave a strong nitroprusside reaction. The 
free — SH groups of the proteins in the native and denatured states 
were estimated by porphyrindin titration and expressed as cys- 
teine. For native rabbit protein a value of 1.4 per cent cysteine 
was obtained; after denaturation ■with guanidine hydrochloride 
exactly the same value was obtained. Native calf liver protein 
gave a value of 0.6 per cent cysteine; after denaturation the value 
rose to 0.8 per cent. Apparently in the rabbit protein, in contrast 
to the calf, there are no “masked” sulfhydryl groups — all of the 
groups are titratable in the native state. Cysteine accounts for 
half the total sulfur in the rabbit protein and for approximately 
one-fourth in the calf protein. 
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A Crystalline Protein from Normal Human Urine. By Martin 
E. Hanke. From the Department of Biochemistry of the Uni- 
versity of Chicago, Chicago 

About 50 mg. of protein per liter of normal urine are precipitated 
by addition of 1 per cent ammonium sulfate and several hours 
standing. The material is collected by centrifugation, washed 
twice with 1.5 per cent ammonium sulfate, extracted with water, 
and precipitated by adding alcohol to 65 per cent. Further 
purification can be effected by extraction with water, and repre- 
cipitation with 65 or 80 per cent alcohol, in the presence of 2 or 0.5 
mg. of NaCl per cc., respectively. As previously reported,* these 
preparations, in a 1 mg. dose, markedly inhibit gastric secretion 
and motility in dogs. Biuret, the glyoxylic acid test for trypto- 
phane, and the Millon test for tyrosine are positive. The protein 
is not heat-coagulable, is non-dialyzable through cellophane, and 
gives a strong Molisch test. 

When this crude protein preparation is dissolved in 33 per cent 
of saturated ammonium sulfate and gradually in 1 day is brought 
to 35 and finally in 2 more days to 38 per cent of saturated am- 
monium sulfate, microscopic needles separate, which, after re- 
moval of the mother liquor, may be recrystallized. The yield of 
crystals is about 5 per cent of the crude protein, or 2 mg. per liter 
of urine. Further increase in the ammonium sulfate concentration 
causes amorphous precipitation of the bulk of the protein. As 
distinct from the crude protein, the crystals give a negative 
Molisch test, and show about half as much gastric inhibitory 
activity. Biuret, glyoxylic acid, and Millon reactions are strongly 
positive. 

The Rate of Turnover of the Lecithins and Cephalins of Rat 
Carcinosarcoma 256 As Measured by Radioactive Phosphorus. 
By Frances L. Haven.* Frojn the Department of Biochemistry 
and Pharmacology, School of Medicine and Dentistry, The 
University of Rochester, Rochester, New York 
By the use of radioactive phosphorus it has previously been 
shown that in their rate of turnover the phospholipids of rat 

* Necheles, H,, Hanke, M. E., and Fantl, E., Proc. Soc. Exp. Biol, and 
Med., 42, 618 (1939). 

* Fellow of the National Cancer Institute. 
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Carcinosarcoma 256 resemble those of liver rather than those of 
muscle. The rate of turnover of the lecithin fraction of this tumor 
has been found to be more rapid than that of the cephalin fraction. 

Rats bearing Carcinosarcoma 256 were killed from 4 hours to 
26 days after rcceinng bj' stomach tube a solution of disodiura 
hydrogen phosphate containing radioactive phosphorus. Tumor 
phospholipids were isolated and the lecithin and cephalin fractions 
separated by means of absolute alcohol. The degree of separation 
was measured bj' choline determinations on the total mixed 
phospholipid and on the lecithin fractions. The radioactimty, 
expressed as percentage of dose per gm. of phospholipid, was 
significantlj' greater in the lecithin fraction than in the cephalin 
fraction from 4 through 30 hours after feeding. The activities 
then became about the same and decreased at approximately the 
same rate. This is indicative of a further resemblance between 
the phospholipids of this tumor and those of liver, since the lecithin 
fraction of rat liver has been found (Chargaff) to possess greater 
activity than the cephalin fraction 24 hours after administration 
of radioactive phosphorus, while the activities of these fractions 
obtained from the carcass were approximately the same. 

Studies on Additional Factors Required by the Chick. By D. 

M.A.RK Hegsted, J. J. Olesox, C. a. Elvehjem, axd E. B. 

H.^rt. From the Department of Biochemistry, University of 

Wisconsin, Madison 

Using a simplified diet, adequate in the \dtamin B complex, we 
have demonstrated the e.xistence of an essential growth factor for 
chicks, present in cartilage, kidney, and rice and distinct from the 
anti-gizzard erosion factor.* Cartilage, which is low in the B 
Mtamins, can be advantageously used as a source of this growth 
factor and the gizzard factor in purified diets for the study of the 
B complex requirements of the chick. 

The diet used consists of dextrin 57 per cent, casein 18, cartilage 
15, salts 5, soy bean oil 5, and vitamins A and D concentrate. 2 
ing. per kilo of thiamine and riboflavin are added. When this 
diet, supplemented with 3 per cent alcohol-soluble liver extract, is 
fed, poor growth is obtained unless crystalline vitamin Bs is added, 

Hegsted, D. M., Oleson, J. J., Elvehjem, C. A., and Hart, E. B, J. 
Btol. Chem., 130, 423 (1939). 
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showing the need for this vitamin. If supplements of a fullers’ 
earth filtrate of liver extract and vitamin Be are used, optimum 
growth results only if a factor U concentrate, prepared from yeast, 
is added. In spite of this improved growth, the chicks develop 
severe dermatitis, similar to that observed in pantothenic acid 
deficiency, even if high levels of pantothenic acid are added. 
This dermatitis is prevented by yeast or yeast residue remaining 
after factor U extraction. The properties and distribution of this 
factor indicate that it may be the same as the anti-egg wliite 
injury factor (vitamin H). 

Some Properties of “Angiotonin.” By 0. M. Helmeu and 
Irvine H. Page, From the Ldlly Laboratory for Clinical 
Research, Indianapolis City Hospital, Indianapolis 
Recently Page and Helmer* reported that a highly active water- 
and alcohol-soluble pressor substance is formed when renin is 
incubated with renin activator prepared from blood serum. For 
this pressor substance we have suggested the name “angiotonin.” 
Angiotonin differs sharply from both renin and activator in that 
it can be boiled without loss of activity. 

Angiotonin is not soluble in organic solvents such as acetone, 
ether, amyl and butyl alcohol, or chloroform. It appears to be 
adsorbed readily on norit and metallic sulfides. Regenerated 
from the crystalline picrate, it retains the fluorescence in ultra- 
violet light which characterized it before the picrate was formed. 
The only positive color reaction found is that of Sakaguchi. 
Additional chemical and physical properties of angiotonin will be 
presented. 

The Relation of the Excretion of Gastric Juice and of Urine to the 
Alkalosis of Hydrazine Intoxication in the Rabbit. By Byron 
M. Hendrix, D, Bailey Calvin, and Max M. Greenberg. 
From the Laboratory of Biological Chemistry, School of Medicine, 
University of Texas, Galveston 

It has been shown that hydrazine produces an alkalosis in dogs 
when administered in suitable doses. Since this substance causes 
considerable vomiting in dogs, we have used rabbits to study the 
alkalosis of hydrazine intoxication. We have obtained data on 

* Page, I. H„ and Helmer, 0. M., J . Exp . Med ., 71, 29 (1940). 
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twenty-four rabbits which show the development of alkalosis in 
this animal after the administration of hydrazine. A study of the 
acid content of the stomachs of h 5 'drazine-intoxicated rabbits 
showed a greater amount of acid than in control animals which 
had been fasted as long as the c-xpcrimcntal ones. The increase 
in acid in the stomachs was proportionally greater than the increase 
of available alkali in the plasma. There was not a significant 
decrease in the chloride of the plasma; hence it may be suggested 
that some neutral chloride has been mobilized from the extra- 
cellular fluid, the base remaining in the blood and the chloride 
appearing in the stomach as free hydrochloric acid. There was 
not an increase in urine base or a decrease in urine acid; hence the 
condition differs from the alkaline tide which follows the normal 
secretions of hydrochloric acid by the stomach. This effect upon 
the gastric mucosa occurs so promptly following the administration 
of hydrazine that it would appear to be a primarj" effect of the 
intoxication and not secondary to the action of hydrazine on the 
liver. 

Cystinuria; the Effect of Feeding Methionine and Other Amino 
Acids on the Excretion of Cystine. By W. C. Hess akd M. X. 
Sullivan. From the Chemo-Medtcctl Research Institute, George- 
town University, Washington 

"We have previously reported* that feeding both methionine and 
cystine to a cystinuric did not increase the cystine content of the 
urine. Recently we have studied another marked case of cysti- 
nuria. As previously, estimations were made by the Sullivan 
method of free cystine in the urine, cystine in the sediment, and 
cystine liberated by hydrolysis. Feeding 2 gm. of methionine 
per day for 3 successive days produced an increased output of 
cystine. The ingestion of 5 gm. of alanine upon 2 successive days 
produced an equally marked increase in cystine output, while 
daily feeding of 5 gm. of glutamic acid for 2 days produced no 
increase in the cystine output. As judged by the total sulfur of 
the urine, the dietary intake was about the same in each period 
and increase in water intake had little effect on the total cystine 
excreted. The possible relationship of the increased cystine out- 

* Hess, W. a, and Sullivan, M. X., Proc. Am. Soc. Biol. Chem., J. Biol 
Chem., 123, p. Iv (1938). 
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put to the specific dynamic action of the amino acids fed is being 
further studied with other amino acids. 

Exchange of Radiophosphate by Dental Enamel. By Geohg 
VON Hevesy and W. D. Armstrong. From the InstiMe for 
Theoretical Physics and Laboratory of Zoophysiology, Copen- 
hagen, Denmark 

The enamel of the mature permanent teeth of cats was separated 
by two independent methods 4 days after subcutaneous injection 
of very potent preparations of radioactive phosphate. Per gm. 
the activity of the enamel was 6.7 to 10 per cent of that of dentin. 
0.0023 to 0.0076 per cent of the total activity was found per gm. 
of enamel. The content of the enamel became constant on 
repeated repurification, indicating insignificant contamination 
with dentin. Experiments in vitro showed that the P®^ acquired 
by enamel in vivo is apparently not derived from saliva. The 
results indicate a slow exchange of phosphorus but not an ability 
of enamel to undergo significant changes of composition after 
eruption, as a result of nutritional alterations. 

The Molecular Constitution of the Calcium Phosphates. The 
Concentration Limits for the Precipitation of Secondary Calcium 
Phosphate and of Hydroxylapatite. By Harold Carpenter 
Hodge. From the Department of Biochemistry and Pharma- 
cology, School of Medicine and Dentistry, The University of 
Rochester, Rochester, New York 

In electrometric titrations of calcium hydroxide and phosphoric 
acid at constant temperature, limits have been established for 
the relative concentrations of these reagents at which (1) only 
secondary calcium phosphate crystals are precipitated, (2) only 
hydroxylapatite is precipitated. Intermediate concentrations 
give mixtures of secondary calcium phosphate and hydroxylapa- 
tite. Microscopic examinations of the precipitates were a useful 
adjunct to x-ray diffraction measurements. The acidity (pH 6 
or less) of the solutions from which secondary calcium phosphate 
crystals are formed makes improbable the hypothesis that CaHP04 
plays an important initiating r61e in calcification invivo. Further- 
more, in vitro systems have been prepared in which hydroxylapa- 
tite precipitates are shown to be in equilibrium with solutions con- 
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taining calcium and secondarj’ phosphate ions in analogy inth 
the bone-blood equilibria. 

Anemia from Lysine Deficiency in Deaminized Casein. By 
Albert G. Hog.a.k, E. L. Powell, akd R.\lph E. Goerrant. 
From the Dcparlmcnt oj AgricuUttral Chcmislry, Vnivcrsily of 
Missouri, Columbia 

Rats recover from anemia due to deaminized casein and gain 
in weight when casein, hydrolyzed casein, or one of the copper 
salt fractions of hydrolyzed casein is added to the anemia-produc- 
ing ration. It was concluded therefore that the anemia is caused 
by a deficiency of, or increased demand for, one or more amino 
acids. Various amino acids were e.\-amined for antianemic ac- 
ti%dty and eventually it was observed that when anemic rats 
were supplied nith 65 mg. daily of d-l 3 'sine thej' recovered and 
gained in weight. If they received 130 mg., the rate of recoveiyq 
and of gain in weight, was accelerated. Various other amino 
acids were e-varained but none was effective. 

If rats are placed on rations that contain 20 per cent of deamin- 
ized casein as the only source of protein, thej' seldom survive 
longer than 2 weeks. The addition of 2 per cent of d-lj'sine to 
such a ration permits slow recovery but no gronih, and the ad- 
dition of 4 per cent permits rapid recovery and a subnormal rate 
of growth. The e-xplanation for this inordinatelj’" large require- 
ment is not now apparent. In tests made up to date the addition 
of the other essential amino acids had no effect. 

The Isolation of Dihydrotheelin from Human Placenta. By 
M. N. Huffmax, Sidxey A. Thayer, axd Edward A. Doisy. 
From the Laboratory of Biological Chemistry, St. Louis Uni- 
versity School of Medicine, St. Louis 

The non-ketonic fraction of an extract of 422 kilos of human 
placenta was obtained from W. W. Westerfeld after his removal of 
ketones with Girard’s reagent. Following the distribution of 
this non-ketonic fraction between benzene and 0.3 M sodium car- 
bonate (A. Mather, unpublished), bioassaj' indicated the presence 
of approximately 16 mg. of dihydrotheelin. 

By methods of purification previously used in this laboratory, 
one-half of the non-ketonic fraction was concentrated to 23 mg. 
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By naphthoylation 6.80 mg. of pure a-dihydrotheelin di-a- 
naphthoate (=== 3.08 mg. of a-dihydrotheelin) were obtained, in 
spite of the fact that two treatments with norit, two reerystalliza- 
tions from acetone, and four recrystallizations from alcohol were 
necessary to obtain a pure product. 

This represents 6.16 mg. of a-dihydrotheelin in the total pla- 
cental extract as compared with the 12 mg. of pure theelin pre- 
viously isolated. Bioassay on the ketonic fraction had indicated 
a total of 15 mg. of theelin present; our bioassays on the non- 
ketonic fraction have shown 16 mg. of a-dihydrotheelin and 60 
mg. of theelol. 

The isolated a-dihydrotheelin di-a-naphthoate melted at 191.5- 
192.5°; a mixed melting point with an authentic sample of a- 
dihydrotheelin di-a-naphthoate (m.p. 194,0-194.5°) was 192.5- 
193.5°. Analysis, C 82.70, H 6.35; calculated for di-a-naph- 
thoate, C 82.72, H 6.25. 

A portion of the a-dihydrotheelin di-a-naphthoate was hy- 
drolyzed with potassium hydroxide. The phenol was recovered 
and crystallized from aqueous alcohol after having been treated 
with a small amount of norit, m.p. 170-170.5°; a mixed melting 
point with authentic dihydrotheelin (m.p. 172.5-173°) was 
173-174°. 

The Cholesterol Content of Plasma and Erythrocytes As Related 
to Thyroid Activity. By Hettie B. Hughes. From the Christ 
Hospital Research Institute and the Department of Biochemistry, 
College of Medicine, University of Cincinnati, Cincinnati 
The present report concerns a study of the effects of experimen- 
tal variations in thyroid activity on the blood cholesterol of the 
dog. Variations in the free and total cholesterol content of tlie 
plasma and erythrocytes of normal dogs have been compared 
with those produced by (1) administering thyroxine or desiccated 
thyroid gland to dogs with intact thyroids, (2) thyroidectomy, 
and (3) administering thyroxine and thyroid gland to thyroidec- 
tomized dogs. The results show that none of these procedures 
altered the free or total cholesterol content of the erythrocytes. 
The effects on the plasma cholesterol w^ere as follows: (1) Ad- 
ministration of thyroxine or desiccated gland to dogs with intact 
thyroids had a variable effect on the total cholesterol. Treat- 
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nicut of dogs with higli or average normal cholesterol levels re- 
duced the cholesterol to low normal levels. Treatment of dogs 
with’ low normal levels was without effect. Moderate doses of 
thjToid substance were as effective as massive doses. (2) Thy- 
roidcctomy was followed by a 100 to 300 per cent increase in 
plasma cholesterol. (3) Administration of small amounts of thy- 
roxine or desiccated gland to the thjToidectomized dog reduced 
the cholesterol to normal levels; administration of larger- amounts 
reduced the cholesterol to subnormal levels. (4) During these 
changes in total cholesterol the proportions of free cholesterol 
remained constant. 

Other experiments have shown that the above changes were not 
due to fasting, alterations in blood volume, impaired or accelerated 
excretion of biliarj' cholesterol, or differences in retention of 
cholesterol by tissues. 

A Study of the Effect of Altitude on Basal Metabolism. Bv Av~ 
BZRT.K Iliff, Anna Marie Duval, Gladys M. Kixsmak, 
AND Robert C. Leuts. From the Child Research Council 
and (he Department of Biochemistry, University of Colorado 
School of Medicine, Denver, and the School of Home Economics, 
Oklahoma Agriadtural and Mechanical College, Stillwater 
In a study of the energy metabolism of the children of the Child 
Research Council at Denver during the past 8 years, sufBcient 
data have been accumulated to establish normals for the different 
age groups of children from 2 through 15 years old, inclusive. 
Reports in the literature seem to indicate that, at least for eleva- 
tions under 10,000 feet above sea level, altitude is not a factor in 
the determination of basal metabolism. However, the question 
has been raised so often as to whether the normal values estab- 
lished in Denver (altitude 5280 feet) can be used as standards at 
lower altitudes that it seemed desirable to subject this question 
to experimental test. Since it was impracticable to make such a 
study on children, adults (five women and two men) were used. 
The basal metabolism of all seven subjects was determined at 
Denver, Colorado (altitude 5280 feet), and at Stillwater, Oklahoma 
(altitude 910 feet), and in case of four of the subjects also at 
Eldora, Colorado (altitude 8720 feet). The subjects remained 
at each altitude sufficiently long to become acclimatized as 
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judged by certain values (erythrocyte count, hemoglobin, red 
cell volume, and blood specific gravity) for the measurement of 
physiological function. Basal metabolism determinations were 
made almost daily during the period of adjustment to the change 
in altitude and for some days after acclimatization had become 
accomplished. The results of this study indicate that altitude 
up to 8720 feet has no influence on the determination of basal 
metabolism. 

Chlorophyll As a Part of the Photosynthetic Mechanism. Bv 
0, L. Inman. From the C. F. Kettering Foundation for the 
Study of Chlorophyll and Photosynthesis, Antioch College, Yel- 
low Springs, Ohio 

By the use of proteolytic and lipolytic enzymes acting on 
Trifolium repens leaf triturates made by grinding the leaves in 
water or buffer with sand and filtering out the cells, it has been 
shown that the stability of chlorophyll to carbon dioxide and 
copper is decreased. So long as the protein or lipids of the tri- 
turate remain undisturbed chlorophyll is very stable. Finely 
divided metallic copper added to a triturate from pH 6.8 to 7.0 
will slowly replace the magnesium in the chlorophyll molecule 
but the addition of 5 mg. of trypsin or steapsin to 5 cc. of triturate 
causes a rapid increase in the rate of this reaction. Bubbling 
pure carbon dioxide through a triturate at pH 6.8 to 7.0 for 3 
hours will not cause the chlorophyll to lose its magnesium but the 
addition of a few mg. of trypsin or steapsin will bring about the 
formation of pheophytin in 30 minutes without a further lowering 
of the pH. Pepsin, papain, and amylopsin under the same con- 
ditions show no accelerating action. Detergents such as Du- 
ponol PC bring about the loss of magnesium from the chlorophyll 
molecule even at pH 8.00 and dissolve the chlorophyll from its 
substrate, causing the loss of magnesium from the chlorophyll 
molecule. According to Anson such detergents denature pro- 
teins. A 4 per cent ethyl alcoholic colloidal solution of pure 
chlorophyll a -f- 6 treated with Duponol PC undergoes the same 
change but at a much slower rate. Such evidence indicates that 
the proteins and lipids are closely associated %vith chlorophyll 
which is a part of the photosynthetic mechanism. 
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Hormones of the Digestive Tract. By A. C. I-vr. From ihc 
De-parlmcnl of Physiology and Pharmacology, Northiccstcm Uni- 
vcrsily Medical School, Chicago 

Three gastrointestinal hormones have been sufficient^' studied 
and the results confirmed to warrant the conclusion that their 
existence is established. These arc secretin, cholecystokinin, and 
enterogastrone. Secretin has apparently been crj'stallized but its 
structure has not been determined. It can be and has been used 
in man to c-vamine pancreatic secretion, as histamine is used to 
test gastric secretion. It also specifically stimulates choleresis. 
Cholccyslokinin has been concentrated sufficiently to show that it 
causes the human gallbladder to contract and evacuate. Chem- 
ically it is closely related to, but not identical ndth secretin. 
Enterogastrone is produced by the intestinal mucosa and is re- 
sponsible, in part at least, for the depression of gastric secretion 
and motilit}' when considerable quantities of fats or sugar arc 
ingested. A substance recently termed vrogastronc has been 
found in canine and human urine. WTien injected into man or 
dog, it inhibits the gastric secretorj’ response to a meal or his- 
tamine. This substance disappears from canine urine after 
pyloroenterectoray, which indicates, but does not prove, that the 
substance is made b}* the intestinal mucosa. Regarding gastrin, 
it is established that a humoral mechanism is in part responsible 
for postcibal gastric secretion, Hffiether histamine or some other 
substance is the humoral agent remains to be determined. Claims 
for the existence of a non-histamine gastrin have not been con- 
firmed. The evidence indicates that a hormone, enterocrimn, 
exists which stimulates the secretion of intestinal juice (Nasset). 
We have failed to confirm the existence of incretin or duodenin, 
which is supposed to stimulate insulin production. The existence 
of enierocin (motor hormone) and villiJdnin as specific entities is 
problematic. 

The Relation between the Interstitial Cell-Stimulating and Thyro- 
tropic Effects of the Anterior Pituitary. By H. Jensen* and 
S iBYLLE Tolksdorf. From the Biochemistry Laboratory, The 
Squibb Institute for Medical Research, New Brunswick 
We observ'ed that the thyrotropic effect of various anterior 
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pituitary preparations was always associated with the interstitial 
cell-stimulating principle. It has been shown recently that the 
interstitial cell-stimulating hormone is identical with the luteiniz- 
ing principle. In order to determine whether these two physio- 
logical responses may perhaps be due to only one principle we 
attempted to fractionate the interstitial cell-stimulating and 
thyrotropic activities by various chemical manipulations. The 
interstitial cell-stimulating activity was determined in hypophy- 
sectomized, immature female rats by intraperitoneal administra- 
tion. The thyrotropic effect was determined in day-old chicks by 
the method of Smelser. In both cases, the minimal stimulation 
was determined histologically. We found that the minimal effec- 
tive dose for repair of the ovarian interstitial tissue in hypophj’^- 
sectomized rats corresponded closely to that for minimal 
thyrotropic effect in the chick. The various preparations studied 
biologically for both responses always gave approximately the 
same ratio. So far we have not been able to separate, by chemical 
means, the two physiological effects. The various chemical 
methods employed by us will be discussed. 

Such interstitial cell-stimulating agents as chorionic gonado- 
tropin and pregnant mare serum were found to be devoid of 
thyrotropic potency. The results of our comparative physio- 
logical studies lead us to believe that the two effects, i.e. stimu- 
lation of the interstitial tissue and of the thyroid, are produced 
bj’' one hypophyseal principle, the effects depending on the dose 
level and on the route of administration. 

Some Observations on the Behavior of the Sulfinic and Sulfonic 
Acids Corresponding to Cysteine. By Beatrice Kassell. 
From the Department of Biochemistry, College of Physicians and 
Surgeons, Columbia University, New York 
Recent evidence indicates that cystine may hydrolyze, form- 
ing cysteine and acidic derivatives. The sulfinic and sulfonic 
acids corresponding to cysteine were studied, particularly under 
the conditions of protein hydrolysis. 

Neither acid is oxidized by phospho-18-tungstic acid (pH 5.7) 
or by porphyrindin (0°, pH 7.2). Both acids are resistant to 
Zn-HCl reduction at 25°; at 70° the sulfinic acid is partially re- 
duced to cysteine (20 per cent in 1 hour). 
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Digestion with 57 per cent HI (150°, 5 hours) converts the 
sulfinic acid quantitative!}’' to cysteine, wiiile cysteic acid h rela- 
tively stable (10 per cent reduction). The sulfinic acid is re- 
duced to cystine by 2 n HI at 25° or by heating in 6 N HCl with 
cysteine, artificial humin (made by heating mannose with trjqjto- 
phane and tjTosine), or with protein hydrolysates containing 
cysteine or humin. 

Digestion of the sulfinic acid with 6 K HCl at 130° results in 
partial decomposition, but does not yield products wiiich react 
with phosphotungstic acid in the presence or absence of sulfite. 
After treatment of evaporated HCl digests with 57 per cent HI, 
70 to 80 per cent of the sulfinic acid is recovered as cysteine and 
about 10 per cent as H-S. 

The cystine plus C 3 ’steine content of certain proteins, e.g. egg 
albumin, is lower in HCl than in HI hydrolysates, while HI 
digestion of the former fields the same values as direct HI diges- 
tion. The observ’ations on the behavior of the sulfinic acid 
corresponding to cysteine suggest the possibility that this sub- 
stance is responsible for the discrepancy. 

The Adrenal Cortex. By Edwakd C. Kekdall. From the 
Department of Biochemistry, The Mayo Foundation, liochestcr, 
Minnesota 

From the adrenal cortex five crj-stalline steroids have been 
separated: A dehydrocorticosterone, B corticosterone, E Ck- 
hydroxy A, F Cjr-hydro.xy B, desox}- B, and an amorphous frac- 
tion, all of which wall maintain life in adrenalectoraized animals. 
No one compound can be described as the life-maintaining hor- 
mone. For maintenance of adrenalectomized dogs the amor- 
phous fraction is the most active, followed by deso.xy B acetate, 
desoxy B, A and B, E and F. Other physiological effects 
indicate sharply defined qualitative differences among these 
compounds. In rats deso.xy B and its acetate cause increase, B 
and E acetates a marked loss in body weight; the amorphous 
fraction has little effect. Sodium is increased in serum most bj’^ 
desoxy B and its acetate, less by E acetate; A, B, and the amor- 
phous fraction have much less effect. Potassium is decreased in 
serum most by desoxy B acetate; desoxy B, A, B, and the amor- 
phous fraction do not decrease potassium in serum below normal. 
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Carbohydrate metabolism is affected most by A and B, less by 
E, desoxy B has little effect, and the amorphous fraction still less. 
A and B produce atrophy of adrenal and thymus glands in normal 
male rats. Acetates of B and E cause almost complete atrophy 
of the thymus gland. Desoxy B and its acetate and the amor- 
phous fraction do not cause significant atrophy. Ingle has shown 
wide variations in the effect of each of these compounds on the 
capacity of muscles for work; A, B, and E are all more active 
than desoxy B. These results show the changes in physiological 
response produced by hydroxyl and ketone derivatives of deso.\y- 
corticosterone. Formation of an ester on the alcohol group of 
C 21 produces both qualitative and quantitative effects. 

A Rapid Method for the Separation of Serum Albumin and Globu- 
lin. By George R. Kingsley. From the Division of Bio- 
chemistry, Philadelphia General Hospital, Philadelphia 
If 4 cc. of ether are immediately added after globulin is pre- 
cipitated from 1 cc. of serum vdth sodium sulfate, as in the Howe 
method, and the mixture vigorously shaken for 20 to 30 seconds 
and then centrifuged in a test-tube (17 to 20 mm.) for 5 minutes 
at about 2200 r.p.m., the globulin separates in a compact layer 
between the sodium sulfate solution and the ether. By tilting 
the tube the globulin layer is easily disengaged from the sides and 
samples can be -withdrawn by pipette for albumin analysis. 

Globulin separation by this method is complete, since the albu- 
min nitrogen values of the centrifugates are in good agreement 
with those of refiltrates obtained by proved technique. The 
protein was determined by the biuret method of the author* 
and by the Kjeldahl method. 

When the globulin from 1 cc. of serum is extracted wdth ether 
and dissolved in 1 cc. of 3 per cent sodium chloride, evacuated 
until no odor of ether remains, then mixed with 15 cc. of 23 per 
cent sodium sulfate and centrifuged, no separation takes place. 
However, addition of ether again permits a sharp separation. 
When a heavier solvent such as carbon tetrachloride is used, the 
globulin separates between the two liquid phases beneath the 
sodium sulfate solution. Therefore the globulin or globulin- 


* Kingsley, G. R.., J. Biol. Chem., 131, 197 (1939). 
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lipid complex appears to absorb enough of the lipid solvent to 
change its dcnsitj^ sufircientlj” for separation bj' centrifugation. 
These observations provide the basis for a rapid and highly 
practical method for separation of globulin from albumin. 

The Effect of Change of Altitude on fee Blood of Human Subjects. 
By Gl.\dys ]M. Akna IMarie Duval, Alberta 

Iliff, and Robert C. Lewis. From ihc Child Research Coun- 
cil and Ihc Deparlmcnl of Biochemistry, University of Colorado 
School of Medicine, Denver, and ihc School of Home Economics, 
OJdahoma Agricidtural and Mechanical College, Stillwater 
In conjunction with studies made to observe the influence of 
altitude on the basal metabolism, blood studies which included 
er 3 ’throc 3 'te counts, hemoglobin determinations, red cell volumes, 
and blood specific gravities were conducted primarilj’’ as a means 
of determining phj'siological adjustment to the changes in alti- 
tude. These determinations were made on the same subjects, 
five women and two men, at two different altitudes, 910 feet 
(Stillwater, Oklahoma) and 5280 feet (Denver, Colorado) above 
sea level. With four of the subjects, three women and one man, 
the studies were extended to a third altitude (8720 feet above 
sea ler-el at Eldora, Colorado). From the values obtained for 
the above measurements, the mean corpuscular hemoglobin, the 
mean corpuscular volume, and the mean corpuscular hemoglobin 
concentration were calculated. Although phj'siological changes 
in the blood are known to occur with altitude, this conclusion 
has been drawn largelj' from studies made on different groups of 
indi'V'iduals at different altitudes. Not often is opportunitj' af- 
forded, as was the case in this study, to obseive these effects of 
altitude on the same indimduals by identical techniques per- 
formed by the same workers. Increases in hemoglobin content, 
erythrocjde count, and red cell volume occurred in all subjects 
with increases in altitude, but there was considerable variation 
in the increments obseiY'ed and in the rate of adjustment to the 
changes in altitude. 

The Determination of Blood Pyruvate in the Presence of Aceto- 
acetate. By D^usiel Kleev. From the Metabolic Laboratory, 
Philadelphia General Hospital, Philadelphia 
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The method of Peters and Thompson* for the determination 
of p 3 a-uvate could not be applied unmodified to diabetic blood, 
because of the incomplete decomposition of the dinitrophenyj- 
hydrazone of acetoacetic acid. The same applied to the more 
recent micromethod of Lu when tried out on a macro scale. 

A modified procedure has been developed to avoid this source 
of error. The method differs from that of Peters and Thompson 
in four details. Tungstic acid replaces trichloroacetic acid. 
Acetoacetic acid dinitrophenylhydrazone is destroyed by allow- 
ing the first ethyl acetate extract to stand overnight. Extraction 
of pyruvic acid dinitrophenylhydrazone is made with m/15 di- 
sodium phosphate only. 0.5 n aqueous sodium hydroxide re- 
places alcoholic potassium hydroxide used to develop the color for 
photoelectric photometry. 

Pyruvic acid in 1 per cent tungstic acid (Folin-Wu) solutions 
was recovered to the extent of 90 to 100 per cent. Addition of 
pyruvate to blood resulted in recoveries of 75 to 80 per cent. 
Acetoacetic acid in amounts ranging up to 250 mg. per cent gave 
readings not exceeding 0.2 mg. per cent as pyruvic acid. 

Preliminary studies of diabetes mellitus in different stages of 
control, including diabetic coma, indicate that the blood pyruvate 
level is normal, unless there is associated a severe vitamin Bi 
deficiency. 

Intravenous Galactose Tolerance. By Alfred E. Koehler and 

Elsie Hill. From the Sansum Clinic and the Santa Barbara 

Cottage Hospital, Santa Barbara 

The oral galactose tolerance test for liver function frequently 
give.s results that are not consistent Avith clinical or postmortem 
findings. That some of these discrepancies are due to variation 
in galactose absorption has been shown by giving the galactose in- 
travenously at a constant rate. 50 gm, of galactose were given 
as a 50 per cent solution over a period of 2 hours. 

In a normal person the blood galactose reaches a maximum of 
about 35 mg. above the fasting level (non-fermentable reducing 
substances) in approximately I 5 hours after the start and then 
drops appreciably before the end of injection. Half an liour 


* Peters, R. A,, and Thompson, R. H. S., Bivchem. J., 28, 916 (1934). 
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after end of injection the galactose value has usual!}' returned 
to the fasting value and ma}' subsequently drop below. 

In certain t}"pes of liver disorders the blood galactose rises 
markedly during injection and there usually is a continued rise 
until injection is stopped. This failure on the part of the body 
to stimulate the rate of removal of galactose from the blood stream, 
as happens normally, is in itself a criterion of liver damage. 

Certain subjects have shon-n an abnormally poor intravenous 
galactose tolerance in which liver disease was not suspected, nor 
could such liver damage later be proved, although it could, of 
course, have e.visted. 

Concomitant ndth the rise of blood galactose after injection 
there is a rise in the blood glucose (fermentable fraction). In 
the mildly diabetic patient this rise is quite appreciable and 
becomes a good inde.\' of the glucose tolerance. 

The Intravenous Injection of Acetone in Normal and Diabetic 

Subjects. By Alfred E. Koehler .\nd EmvxuEL Windsor. 

From the Sansum Clinic, the Santa Barbara Cottage Hospital, 

and (he Santa Barbara General Hospital, Santa Barbara 

The fate of acetone (10 gm. in 200 cc. of saline) injected in- 
travenously for 2 hours at constant rate was studied in eighteen 
normal and twelve diabetic subjects. There were no sjTnpto- 
matic effects except varjdng degrees of drowsiness toward the 
end of the injection. 

In the non-diabetic group blood acetone plus acetoacetic acid 
rose from 0.8 ± 0.2 mg. per 100 cc. to 19.6 ±1.3 mg. at the end 
of injection and still was 18.1 ± 1.3 mg. 4 hours after the end of 
injection. In the diabetic group the values were similar. In 
neither group were blood /3-hydroxybutyric acid or sugar levels 
appreciably altered. 

In the non-diabetic group acetoacetic acid rose from 0.44 ± 
0.19 mg. per 100 cc. to 6.9 ± 0.7 mg. at end of injection and was 
5.2 ± 0.7 mg. 4 hours later. 

In the normal group simultaneous injection of glucose (100 
gm.) or insulin (30 units) with the acetone caused no appreciable 
change in acetone or acetoacetic acid in either blood or urine as 
compared with the subjects recemng acetone alone. The urinary 
excretion paralleled the blood ketone values. 
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Considering that there is some loss of acetone through the lungs 
and kidneys, the prolonged high acetone level after injection is 
evidence that diabetic and normal persons convert acetone very 
slowly if at all. The acetoacetic acid rise does, however, indicate 
that injection of acetone brings about a disturbance of ketone 
metabolism. 

A Rapid Photoelectric Method for the Determination of Vitamin 
A and Carotene in Milk. By C. J. ICoehn. From the Labo- 
ratory of Animal Nutrition, Alabama Polytechnic Instiluie, 
Auburn 

A rapid method has been developed for the photoelectric 
determination of vitamin A and carotene in milk. The un- 
saponifiable fraction was extracted with ether after digestion of 
the milk with alcoholic KOH on a water bath for 10 minutes. 
This fraction was purified and transferred to chloroform. The 
carotene and vitamin A were determined by means of a photoelec- 
tric colorimeter, the carotene by measurement of the light ab- 
sorption at 440 my and vitamin A by measurement of the light 
absorption at 620 my by the blue compound found in the Carr- 
Price reaction. 

The vitamin A value of the milk was also determined by bio- 
logical assay with rats and a factor was derived for converting 
colorimetric readings into international units. After correction 
for the carotene and xanthophyll present in milk, it was found 
that the factor for converting colorimetric readings into inter- 
national units of vitamin A was appreciably higher for milk than 
for cod liver oil. 

Creatine-Creatinine Metabolism and the Hormones. V. Effect 
cl Parenteral Injection of Epinephrine, Eschatin, Percorten, 
and Saline into Normal and Adrenalectomized Rats upon 
Muscle Creatine and Creatine-Creatinine Excretion. By A. 
Link Koven, Philip Pizzolato, and Howard H. Beard. 
From the Department of Biochemistry, Louisiana State Uni- 
versity School of Medicine, New Orleans 
The injection of 0.1 cc. of 1:1000 epinephrine into normal and 
adrenalectomized rats resulted in the excretion of urines that gave 
a fairly intense Jaffe reaction ivith alkaline picrate after they 
were hydrolyzed ivith HCl. Ail of these urines tested, however. 
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reduced Benedict’s qualitative sugar solution and, after incuba- 
tion with the creatinine enzjnne of Miller and Dubos, the color 
of the Jaffe reaction after addition of alkaline picrate was not 
destroyed. The result shows that epinephrine does not give a 
tnie crcatinuria under the above conditions. 

The urine samples, after the injection of 1 cc. of eschatin or 
0.5 cc. of percorten (desoxycorticosterone acetate in sesame oil), 
did not reduce Benedict’s qualitative sugar reagent and the color 
of the Jaffe reaction was dcstro 3 'ed after the samples were incu- 
bated with the creatinine enzyme. This indicates that these 
hormones cause a true crcatinuria. These hormones themselves 
give the Jaffe reaction with alkaline picrate and reduce Bene- 
dict’s solution. They were not, however, e.\-creted as such in 
the urine (negative Benedict’s test). The injection of 18 or 50 
mg. of phj'siological saline into the adrenalcctomized animals 
gave about the same crcatinuria as these cortical hormones. 
It is, therefore, possible that they produce crcatinuria owing to 
their water- and salt-retaining effects. 

Adrenalectomy alone produced some slight creatinuria which 
was due to the anesthetic and trauma of the operation. Injec- 
tion of the above hormones did not affect the concentration of 
muscle creatine in any of the animals studied. 

The Nephelometric Determination of Quinine in Small Amounts 
by Means of the Photoelectric Colorimeter. By Gkakvil C. 
Ktker, Bailey D. Webb, and J.ames C. Andrews. From 
the Department of Biological Chemistry, School of Medicine, 
University of North Carolina, Chapel Bill 
The studies previously reported on the determination of small 
amounts of quinine in blood have been continued by studjdng the 
suitability of the Evel 3 m photoelectric colorimeter for use in the 
modified Vedder and hlasen nephelometric method. Cuiwes of 
galvanometer readings versus concentrations of pure quinine 
throughout the biological range have been determined and it has 
been shown that a very satisfactory slope results when the read- 
ings are made with a blue filter (400 yp) on concentrations of 
about 1 to 10 mg. per liter. Determinations on unknown qui- 
nine samples can be made with much greater accuracy and less eye 
fatigue than when a visual method is used. 

Using the photoelectric colorimeter, we have rechecked and 
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confirmed the curve of acid concentration versus completeness of 
precipitation of the quinine silicotungstate and still find 0.03 m 
HC l to be the optimal concentration. An elaborate series of 
studies has also been made of the effect of allowing various pe- 
riods of time to elapse between precipitating the quinine sili- 
cotungstate and taking the galvanometer readings. The effect 
of agglutination of the precipitated particles has been found to be 
much less pronounced in 0,03 m than in the 0.5 m HCl recom- 
mended by Vedder and Masen. The method is now being ex- 
tended to the determination of quinine obtained from ether 
extracts of blood. 

The Reaction of Sulfur Compounds with Nitrous Acid. By 
Theodore F. Lavine and William M. Whiteley. From 
the Lankenau Hospital Research Institute, Philadelphia 
Cysteine (R — SH) and cystine (R — SS — R) have long been 
known to yield high results in the Van Slyke procedure for the 
estimation of amino nitrogen, while correct results are obtained 
with cysteic acid (R — SOjH). It has been found that cystine 
disulfoxide (R — (SO) 2 — R) and cysteine sulfinic acid (R — SO 2 H) 
yield results similar to cysteine and cystine. Theoretical values 
are obtained in all cases when a ICI-acetic acid mixture is substi- 
tuted for the usual acetic acid. The determinations were carried 
out in the volumetric apparatus. 

The production of “extra nitrogen” by the sulfinic acid and the 
concomitant formation of sulfate suggest cleavage of sulfur from 
the organic molecule with an inorganic sulfur compound thus 
being responsible for the “extra nitrogen.” Such a cleavage 
might result in the formation of sulfoxylic acid (S(OH) 2 ) or 
thiosulfuric acid (H2S2O3). Both of these compounds (sodium 
formaldehyde sulfoxylate and sodium thiosulfate) liberate nitro- 
gen in the Van Slyke procedure but only the thiosulfate values 
are reduced effectively by Kl-acetic acid. Of other inorganic 
sulfur compounds, sulfite and hyposulfite yielded appreciable 
amounts of nitrogen, sulfide a small amount, and dithionate and 
tetrathionate negligible amounts. 

It is assumed that the nitrogen-producing reaction is not an 
oxidation, since nitrous acid is usually reduced to oxides of nitro- 
gen, but rather a rearrangement of a nitrogen-sulfur compound 
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to a sulfonamide structure similar to sulfamic acid, HO— SO 2 — 
NH{, which reacts normally mth nitrous acid to yield nitrogen. 

The Percutaneous Administration of Estrogens Followed by 
Progestin in Inducing Sexual Receptivity in Spayed Guinea 
Pigs, Br John A. Leightt, H. J. Wick, xsd B. E. Jeffries. 
From the Lilly Research Laboratories, Indianapolis 
Sexual recepthity was induced in the spayed guinea pig bj- 
estrone plus progestin, and by stilbestrol plus progestin, when the 
substances were applied percutaneously. Estrone was about 
tmce as effective in this respect as stilbestrol. 

The estrogens were administered in oil, while progestin was 
dissolved in an alcohol-glycerol solution in some experiments and 
in oil in others nith only a slight difference in results. 

Under the conditions of the experiments, when the amount of 
estrogen rubbed on was held constant, more progestin was re- 
quired percutaneously than by injection to obtain comparable 
effects. 

These results are of interest because they suggest the possibility 
of the use of the percutaneous method of administration of pro- 
gestin in clinical cases, thus avoiding the present rather unsatis- 
factory use of injections of oils. 

Fractionation of Serum Non-Protein Sulfur. By T. V. Letonoff 
AND John G. Reinhold. From the Division of Biochemistry, 
Philadelphia General Hospital, and the Department of Physio- 
logical Chemistry, School of Medicine, University of Pennsyl- 
vania, Philadelphia 

Total sulfur together -with inorganic, ethereal, and neutral sul- 
fur has been determined in protein-free filtrates of serum prepared 
by means of uranium acetate. Nine normal indmduals showed 
in serum the following concentrations: total non-protein sulfur, 
average 2.84 (range 2.40 to 3.10), inorganic sulfur, average 1.09 
(1.00 to 1.22), ethereal sulfur, average 0.80 (0.4 to 1.19), and neu- 
tral sulfur, average 0.94 (0.57 to 1.48) as mg. per cent. Similar 
values were found for citrated plasma. Inorganic sulfate added 
to citrated plasma is recovered quantitatively in the total and in- 
organic sulfate fractions. Analyses of protein-free filtrates of 
serum prepared by addition of 1 cc, of 20 per cent trichloroacetic 
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acid solution per cc. of serum gave values significantly higher for 
total, inorganic, and neutral sulfur, while ethereal sulfur usually 
was lower. Doubling the concentration of trichloroacetic acid 
increased the differences, but additional trichloroacetic acid had 
no further effect. Analyses of dialysates of serum agreed well 
with figures for inorganic and ethereal sulfate found in uranium 
acetate filtrates. Total sulfur and neutral sulfur were higher in 
the dialysates, although not as high as in trichloroacetic acid 
filtrates. Addition of uranium acetate to the dialysates gave 
values equal to those found in uranium acetate filtrates. This 
may have been due to undetected traces of protein. The results 
support the belief that trichloroacetic acid in high concentrations 
attacks certain sulfur-containing compounds of serum and alters 
the distribution of sulfur in the fractions studied. 

The Quantitative Precipitation of Gonadotropin from Normal 
Urine. By Louis Levin. From the Department of Anatomy, 
College of Physicians and Surgeons, Columbia University, New 
York 

The recovery of gonadotropin from specimens of normal male 
urine by tannic acid precipitation and alcohol precipitation has 
been compared. The extract of the initial alcohol precipitate is 
too toxic to permit assay of the small amounts of gonadotropin 
pi’esent (less than 30 mouse uterus units per 24 hour specimen). 
The alcohol extracts were consequently partially detoxified by 
dialysis, necessitating reconcentration (accomplished by acetone 
precipitation or by evaporation in a stream of air) of the dialyzed 
solutions. The activity of the dialyzed, reconcentrated extracts 
of the alcohol precipitates was uniformly lower (by as much as 
50 per cent) than that of the corresponding tannic acid prepara- 
tions. 

Investigation of the low ydelds obtained by the alcohol precipi- 
tation shows that 10 to 15 per cent of the activity icmains in the 
insoluble residue of the alcohol precipitate. A further fraction 
(25 to 30 per cent) may be lost during the manipulations incident 
to dialysis and as much as 20 per cent is lost during the air evapo- 
ration. 

These findings demonstrate (1) the inadvisability of avoidable 
manipulation when dealing mth gonadotropin in amounts as 
small as those of normal urines, (2) that the original claims for 
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the quantitative precipitation of gonadotropin by tannic acid 
were not unjustified, and (3) that tannic acid is the most effective 
precipitant yet proposed for quantitative recoverj' of urinary 
gonadotropin of normal individuals, 

Urinarj' gonadotropin excretion cun’cs for one normal and one 
prepregnant menstrual cycle will be shown. 

The Ascorbic Acid Content of the Blood of the Eskimo. Bv 
Victor E. Levike. From the Dcparlmcnl of Biological Chemis- 
try and Nutrition, Creighton University School of Medicine, 
Omaha 

In the course of a health sun’cj' conducted at Point Barrow 
under tlie auspices of the United States Public Health Seradee, 
we determined towards the end of January', 1938, the ascorbic 
acid content of the blood of thirty Eskimo children. The range 
for six children was 0.15 to 0.20 mg. per 100 cc.; for seven, 0.21 
to 0.25 mg.; for eight, 0.26 to 0.30 mg.; for seven, 0.31 to 0.40 
mg.; and for two, 0.45 to 0.55 mg. Capillary fragility varied 
from 7 to 17 cm. of Hg. Utilizing Dalldorf 's standards,* we found 
twenty-eight children had subacute scurvy at the time of the 
e.xamination. Orange juice raised ascorbic acid values and capil- 
lary resistance, though not always in the same ratio. 

The diet of the Point Barrow Eskimo by the end of January' was 
devoid of fresh meat. Only reindeer killed several months before 
was available. Berries are not preserved in seal oil for winter use 
as in other villages. 

Phj'sical examination revealed acute, subacute, or chronic hyper- 
trophic rhinitis, the nasal mucous membranes being edematous and 
the capillaries congested. Bleeding occurred frequently, even at 
such slight provocation as the insertion of the nasal speculum. Epi- 
staxis, now common in ninter and early spring and disappearing 
with the advent of fresh meat, we regard as diagnostic of scurvy 
among Eskimos. Hpygaardj in Greenland has made a similar 
suggestion. Our tuberculin tests gave markedly severe reactions. 
Birkhaugl has demonstrated in vitamin C deficiency increased 
severity of the cutaneous response to tuberculin. 

* Dalldorf, G., Am. J. Dis. Child., 46, 794 (1933); Bull. New York Acad. 
Med., 15, 544 (1939). 

t H0ygaard, A., Nord. Med. TidsJzr., 16, 1647 (1938). 
t Birkhaug, K. M., Acla luberc. Scand., 13, 45 (1939). 



Ixii 


Scientific Proceedings. XXXIV 


The Effect of the Thyrotropic Hormone on the Composition and 
Metabolism of the Thyroid Gland. By Milan A. Logan, J. E. 
VanderLaan, and W. P. VanderLaan. From the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston 
Thyrotropic hormone of the pituitary was administered to 
guinea pigs daily for 6 days. In the first 24 hours folloudng the 
administration of the hormone, the water, chloride, and total 
phosphorus content per gm. of thyroid tissue increased markedly. 
At the same time, the oxygen consumption of the thyroid tissue, 
measured in vitro by the Warburg technique, increased more than 
60 per cent. The increases persisted for 2 days, follomng which 
the oxygen consumption and the determined constituents of the 
tissue approached normal values. Accompanying these changes 
was an increase in the size of the glands. The results are com- 
pared with the histological changes observed. 

Purine Content of Human Cardiac and Voluntary Muscle. By 
George H. Mangun and Victor C. Myers. From the 
Department of Biochemistry, School of Medicine, Western Re- 
serve University, Cleveland 

Studies on human heart muscle have shown that creatine, 
phosphorus, and potassium are decreased in myocardial failure. 
The relative losses of creatine and phosphorus indicated that the 
loss of phosphorus could not be entirely accounted for as being due 
to a breakdown of phosphocreatine alone. Studies on the dog 
heart in late aortic insufficiency indicated that adenylpyrophos- 
phate may be lost to an even greater extent than phosphocreatine. 
Since adenylpyrophosphate breaks down following death and 
therefore cannot be determined in autopsy tissue, a method was 
developed to determine the extractive purine nitrogen after de- 
amination of the aminopurines "with nitrous acid. In nine cases, 
the total extractive purine N before deamination averaged 38.1, 
21.2, and 32.7 mg. per 100 gm. in the left and right ventricles and 
pectoralis major respectively. After deamination with nitrous 
acid, the oxypurine N averaged 34.4, 18.9, and 29.1 mg. per 100 
gm. in the left and right ventricles and pectoralis major respec- 
tively. The lowest values encountered in the left ventricle to 
date were in cases with myocardial insufficiency. Total ex- 
tractive purine N and oxypurine N values were decreased per 
unit of fresh tissue and per unit of total solids. Experiments 
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performed so far indicate that purines, as in the case of creatine, 
phosphorus, and potassium, are lost from the failing heart and 
ma}' possiblj' become an important factor in myocardial in- 
sufficiency. 

The Metabolism of Renal Cortical Tissue in Experimental Hy- 
pertension. By Mortox F. M.\sox, Alfred Bl.\lock, axd 
C. S. Robixsox. From the Departments of Biochemistry and 
Surgery, Vanderbilt University School of Medicine, Nashville 
The Qoi, R.Q., and aerobic glycolj'sis of slices of renal cortical 
tissue from normal dogs and dogs with e.xperimental hypertension 
produced by partial constriction of the renal artery were compared. 
The gas exchange was determined by the second method of Dick- 
ens and Simer, in bicarbonate, glucose-Ringer buffer. The Qoi 
values of renal cortex slices from nine normal dogs averaged 14.0; 
in the case of seven hypertensive dogs in which the elevation of 
blood pressure had been present for from 5 weeks to 7 months, the 
Qo, averaged 14.3. The spread of values was not materially 
different in either series of animals. The same may be said of the 
respiratory quotients, which averaged 0.86 in both groups of dogs. 
No differences in aerobic glycolysis were observ’ed. Preliminary 
obseiw^ations suggest a reduction in ammonia formation in the 
case of “hypertensive” cortical tissue. 

A Method for the Separation and Determination of Urinary 
Estrogens. By Al.^x Mather. From the Research Labora- 
tories of the Worcester State Hospital, Worcester 
On the basis of the distribution ratios of pure estrogens for 
various solvent pairs, and from quantitative studies on the several 
steps used, the efficiency of the separation of the estrogens in urine 
has been determined, with the Marrian spayed mouse procedure 
for assay. Bioassay is necessary for estimating the estrogen con- 
tent of male urines but the method of separation should be appli- 
cable to the colorimeter determination used for pregnancy urines. 

Optimal conditions for hydrolysis are approximated by heating 
in normal hydrochloric acid at 100°; 15 minutes suffice for male 
urines; 1 hour is required for maximum values with pregnancy 
urines. The rates of destruction of the pure compoimds under 
these conditions range from 20 to 40 per cent per hour. 

Ethyl ether has been found to be the most suitable initial 
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extractant from the neutralized urine (pH 9). The separation of 
estriol from estrone and estradiol is effected by partition between 
0.3 M sodium carbonate and benzene. The benzene to alkali 
ratios are as follows: estriol 1:40, estrone 250:1, and estradiol 
40:1. Extraction of a carbonate eluate of the above ether residue 
with benzene, followed by cross-extraction of each fraction, gives a 
separation of well over 95 per cent. The determination of estra- 
diol in the benzene fraction has been satisfactorily accomplished 
by means of the ketonic reagent, carboxy methoxyl amine, as 
described by Huffman and Doisy. The estrone is calculated by 
difference. 

The method has been applied to urines of normal and schizo- 
phrenic male subjects before and after injections of testosterone 
propionate. 

Thyroid Hormone in Tissues. By J. F. McClendon, William 
C. Foster, and W. G. Kirkland. From the Hahnemann 
Medical College and Hospital, Philadelphia 
5 gm. of tissue are frozen in liquid nitrogen, pulverized, and 
extracted 1 hour in a shaking machine with 100 cc. of methanol; 
then extracted a second time with 100 cc. of acetone in a 3 foot 
glass extractor, with a 9 inch cellulose (Visking) extension. The 
residue is burned in a platinum tube and analyzed for iodine by 
the McClendon-Bratton method. This is called thyroid hormone 
iodine because 333 determinations on blood show a 0.627 corre- 
lation with basal metabolic rate. Analysis of fresh steer muscle 
gave a value of 6 7 per 100 gm., compared to 24 7 for the mouse, 
which has a higher basal metabolic rate per Icilo. Feeding a 
rat 20 grains of thyroid raised the thyroid hormone in muscle from 
9 to 11 7 , and liver from 8 to 58 7 . 

Average values for the thyroid hormone iodine in human tissue 
were as follows: muscle 6 , heart 6 , liver 8 , striima ovarii 486, 
metastasis of the same in the ischium 323. The thyroid hormone 
in struma ovarii and in metastasis of the same in bone is probably 
formed in these tissues, which resemble thyroid histologically. 

Effects of Different Levels of Protein in the Diet of the Rat. By 
Richard H. McCoy. From the Biochemistry DeparUneni, 
The Wistar Institute of Anatomy and Biology, Philadelphia 
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The effects of different levels of protein in the diet of the rat 
when the concentration of vitamins, fats, and inorganic salts 
remains constant have been studied. A part of the de.vtrin of the 
basal diet was replaced with highly purified vitamin-free, salt- 
free casein to produce diets containing 15, 25, and 40 per cent 
protein. 

In the paired feeding method the 40 per cent diet produces the 
most rapid growth, the highest percentage of nitrogen, but the 
lowest percentage of fat of tlie empty carcass weight. The 15 per 
cent diet produces the slowest growth, the lowest percentage of 
nitrogen, but the highest percentage of fat. In the ad libitum 
feeding method only small differences in growth rate are observ’ed 
between the 25 and 40 per cent diets, j'et both are distinctly 
superior to the 15 per cent diet. The percentage of fat in animals 
on the 40 per cent diet is consistently lower than in those from 
either the 25 or 15 per cent diets. 

To date the reproductive performance of rats on these diets is 
as follows: 15 per cent, 227 litters totaling 1626 3 ’oung of which 60 
per cent have been successfullj' weaned; 25 per cent, 239 litters, 
1816 young, 77 per cent weaned; 40 per cent, 283 litters, 2274 
young, 77 per cent weaned. The average weaning weight is 
highest on the 25 per cent and lowest on the 15 per cent diet. 

Synthesis of Members of the Vitamin B Complex in the Rumen 
of the Cow. By L. W. McElhov and Harold Goss. From 
the Division of Animal Husbandry, University of California, 
Davis 

We have recently reported* that considerable amounts of 
thiamine, riboflavin, pantothenic acid, and vitamin Bj were found 
in the rumen contents of sheep fed a ration deficient in these 
vitamins. This ration has now been fed to a cow nnth a rumen 
fistula for 4^ months. After 80 days on the experimental diet the 
cow gave birth to a normal calf. From birth to 43 days of age the 
calf fed solely on its dam’s milk and remained in excellent condi- 
tion, gaining an average of 1.7 pounds per day. 

Samples of both the dried rumen contents and the milk of the 
cow are being tested for ^’itamins of the B complex. The results 
of one chick assay indicate that the dried rumen contents contain 

* McElroy, L. W., and Goss, H., J. Biol. Chem., 130, 437 (1939). 
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slightly in excess of 70 micrograms of pantothenic acid per gm. 
and the dried whole milk about 18 micrograms. 

By the fluorescence test of Whitnah the milk contains 1.4 ± 
0,15 micrograms of riboflavin per gm., while the milk of twelve 
cows on a normal ration in the University herd averaged 1.5 ± 
0.25 micrograms per gm. 

Bandier’s colorimetric method for nicotinic acid was applied to 
the rumen contents and indicated the presence of about 150 
micrograms of nicotinic acid per gm. of dried material. The test 
gave negative results when applied to the diet. Work is in 
progress to test the curative value of the rumen contents for 
blacktongue in dogs. 

Observations on Fat Synthesis and Metabolism. By E, W. 
McHeney and Gertrude Gavin. From the School of Hy- 
giene, University of Toronto, Toronto, Canada 
It has previously been reported that thiamine causes fat 
synthesis in rats and in pigeons. When this effect of thiamine is 
studied with a choline-free diet, fatty livers are produced but the 
amount of liver fat is quickly restored to normal by small doses 
of choline. In rats given an alcohol-soluble fraction of beef liver, 
fat synthesis is greatly augmented and fatty livers, different 
from those caused by thiamine, are produced. These fatty livers 
are highly resistant to the lipotropic action of choline but readily 
respond to lipocaic. A procedure for the rapid assay of lipocaic 
is thus available. The administration of the liver fraction causes 
a marked increase in liver cholesterol, although no cholesterol is 
furnished by the basal diet or supplements. Lipocaic diminishes 
the amount of liver cholesterol. It is suggested that lipocaic 
affects the transport of cholesterol, while choline is mainly con- 
cerned with the transport of neutral fat. Substances such as 
rice polish concentrate and yeast have an effect similar to that of 
lipocaic. The crude liver fraction stimulates both fat synthesis 
and growth but fractionation experiments indicate that these 
effects are due to separate fractions. 

Enzymic Oxidation of Cystine to the Corresponding Sulfone. 
By Grace Medes. From the Lankenau Hospital Research 
Institute, Philadelphia 
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Among the enzjmies acting on the sulfur-containing amino acids 
is one which oxidizes the disulfide group of cystine to the suJfone 
stage, but does not produce inorganic sulfate. The revised method 
of preparation is as follows: The liver of the albino rat is perfused 
■vvith physiological salt solution, ground in sand in acetate buffer 
at pH 5.2, let stand at 0° for 20 minutes, centrifuged, the super- 
natant liquid filtered through a sintered glass filter, and the en- 
zjTne precipitated with ammonium sulfate between the concen- 
trations of 25 and 40 per cent. The precipitate is taken up in 
distilled water and dialyzed until sulfate-free. 

The rate of o.xidation was measured by the rate of disappear- 
ance of sulfhydryl plus disulfide. In fifteen experiments with 
cystine and cysteine as substrates at pH 7.2, sulfhydiyd plus 
disulfide disappeared more rapidly from the solution containing 
cystine than from that with cysteine, indicating that cystine is the 
immediate substrate. 

The degree of oxidation of the sulfur group, determined by 
iodometric titration, confirmed the previous finding that oxidation 
to a suKone occurs. Amino nitrogen remains unchanged. The 
carboxyl group, estimated by Mason’s manometric method, 
showed a slight loss, especially in crude e.xtracts. With highly 
purified preparations, carboxyl is unaltered. 

Therefore it is concluded that the enzjTne converting cystine to 
its corresponding suKone is distinct from the one which decarbo.xy- 
lates it with production of the amine. 

Phosphorylation and Stability of Thiamine in Digestive Secre- 
tions. By Daniel Melnick, William D. Robinson, and 
Henry Field, Jr. From the Department of Internal Medicine, 
Medical School, University of Michigan, Ann Arhor 
When thiamine is taken orally by normal subjects, postabsorp- 
tive and fasting, the extra urinary thiamine is from 10 to 40 per 
cent of that found when the same test dose is taken with a meal. 
That this difference in excretion may be due to the instability of 
thiamine in an alkaline gastrointestinal tract is supported by the 
exceedingly small urinary thiamine values consistently obtained, 
despite adequate dietary thiamine intakes, with patients receiv- 
ing antacid medication and those with achlorhydria. Additional 
stu(Res have been conducted with thiamine added to aliquots of 
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human gastric and pancreatic juice and hepatic bile, incubated at 
varying pH values. The vitamin is stable in gastric juice at a pH 
from 1 to 7.5. Losses of from 10 to 90 per cent, however, occur 
when antacids (Al(OH) 3 , MgCOa, CaCOs, or MgzSijOa) are present 
due to alkaline destruction and adsorption of the vitamin. In 
tests with bile and pancreatic juice incubated at their natural pH 
of 8, only from 20 to 50 per cent of the added thiamine is recovered. 
More than half of that, which is unaccounted for, is actually 
destroyed ; the remainder is phosphorylated and cannot be deter- 
mined chemically until after enzymic hydrolysis. Neither pre- 
liminary heating at 100° nor the presence of 0.01 m sodium iodo- 
acetate during incubation prevents phosphorylation. After 
incubation at pH 4.5, however, the added vitamin is recovered 
quantitatively in the free form. It is concluded that the acidity 
of the gastric chyme minimizes the destruction of thiamine during 
absorption. Phosphorylation prior to absorption may occur. 

The Effect of Iodine and Other Mineral Supplements on 
Cholesterol-Induced Atherosclerosis in Rabbits. By Helen S. 
Mitchell, Mildred F. Goldpaden, and Gertrude J. Hadro. 
From the Nutrition Laboratory, Massachusetts State College, 
Amherst 

The feeding of cholesterol to rabbits has become an effective 
means of producing typical atherosclerosis. A prolonged period 
of hypercholesteremia precedes and is supposed to be partially 
responsible for the pathologic change. The disagreement in the 
literature regarding the influence of certain forms of iodine on 
the level of blood cholesterol and on the severity of the aortic 
lesions stimulated further investigation. 

Rabbits develop marked hypercholesteremia and severe aortic 
lesions in 6 six weeks with 1 per cent cholesterol in the ration and 
moderately severe changes with 0.5 per cent cholesterol. Po- 
tassium iodide (25 mg. of iodine per 100 gm. of ration) afforded no 
protection against arterial lesions and tended to increase the 
hypercholesteremia. Kelp, furnishing a similar amount of iodine, 
effected a material reduction in both blood cholesterol and arterial 
damage. A salt mixture containing the excess of basic elements 
found in kelp plus the same amount of iodine failed to give sig- 
nificant results. Kelp ash which had lost two-thirds of its iodine 
upon ashing was ineffective. A synthetic salt mixture made to 
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resemble as closelj' as possible tbe inorganic composition of kelp 
was almost as effective as the original dried kelp, lowering the 
blood cholesterol and inhibiting the atherosclerotic damage. Thus 
there would appear to be some inorganic element or elements in 
addition to iodine essential for the inhibition of injurj" due to the 
feeding of cholesterol to rabbits. 

Recovery from Hypervitaminoses D* and Dj As Affected by 
Dietary Calcium and Phosphorus and Vitamin A Supply. By 
Agnes Fay Morgan -a.nd Nobtjko Shimotori. From ihe 
Laioralory of Home Economics, Univcrsily of California, 
Berkeley 

Irradiated ergosterol and irradiated animal sterol (Delsterol) 
were fed in doses of 200 xj.s.p. units of ^^tamin D per gm. of bodj' 
weight per day to young rats on a puriSed basal diet of normal, 
high, and low Ca to P ratio and contents. After 28 days some of 
each group were killed, the ^dtamin D was removed from the diet 
of some of each group remaining, and the feeding continued for 
28 days longer. All e.vcept one group received the same amount 
of %ritamin A from a shark liver oil, 200 units per gm. of body 
weight per day. 

With the basal diet of normal calcium and phosphorus content, 
by all criteria used the group recei\'ing little \’itamin A was more 
severely damaged by the excess vitamin D than were any of the 
others. These and other groups given excess Adtamin Da recov- 
ered more rapidly when the 0%'erdosage was discontinued than did 
those receiving excess Autamin D* but continued excess Aotamin 
Da intake produced more deaths, more soft tissue calcification, 
poorer growth and bone deA'elopment than did excess Aotamin Di. 
The rats AA’hich receiA'ed the the low calcium diet were faA'orably 
affected by excess Aotamin D and unfaA'orably affected by remoA’al 
of the e.xcesses. Those Avhich receu'ed the low phosphorus diet 
were unfaA’orably affected by Autamin D excess and recoA'ered 
promptly on removal of the e.xcess only in the case of vitamin Da. 
Similar effects -were noted in young dogs similarly treated. Better 
absorption and better excretion of excess vitamin Da than of 
excess Aotamin Dj may account for these differences. 

The Effect of Methionine on Normal and Tumor Growth. By' 
H. P. Morris and Carl Voegtlin. From the National 
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Cancer Institute, United States Public Health Service, Beihesda 
Maryland 

Young normal mice and rats %vere fed a methionine-deficient 
diet for 3 and 4 weeks respectively. The animals were then 
divided into three equal groups; the first group was continued on 
the basal low methionine diet composed of arachin 15, starch 
54.6, salts 4.5, Grisco 21.0, and cod liver oil 5.0 plus groisdh 
vitamin concentrates. The second group received a supplement 
of 450 mg. of dZ-methionine per 100 gm. of completed diet, while 
the third group received 362 mg. of Z-cystine per 100 gm. of diet. 
Slow growth was obtained on the basal diet mth both rats and 
mice. The cystine-supplemented basal diet permitted slightly 
better growth than that obtained on the basal diet, while the 
methionine-supplemented basal diet produced marked stimula- 
tion of growth in both mice and rats. 

Adult female C3H strain mice bearing spontaneous mammary 
tumors were maintained at constant body weight on this basal 
diet for 4 weeks. The diet was then supplemented with dl- 
methionine for 3 additional weeks. The average daily growth of 
the tumors for the methionine-supplemented period was statisti- 
cally significantly greater than the average daily growth of the 
tumors during the period on the basal diet. 

Studies on Hematin Metabolism in Dogs. By Dempsie B. 
Moreison, Edward F. Williams, Jr., and W. A. D. Ander- 
son. From the Departments of Chemistry and Pathology, 
College of Medicine, University of Tennessee, Memphis 
Dogs have been injected intraperitoneally, subcutaneously, 
or intravenously with solutions of disodium ferrihemate (hematin), 
of pH 7.6, prepared from recrystallized hemin. Intraperitoneally, 
the equivalent of 200 mg. of hemin was injected thrice weekly for 
7 to 19 weeks; subcutaneously, up to five injections were giimn on 
alternate days. Intravenously, ferrihemate was given to produce 
initial plasma concentrations of 10 to 51 mg. per cent. Absorp- 
tion from subcutaneous and intraperitoneal routes ivas very slow. 
Toxic effects, which may be explained largely by the relative 
insolubility of ferrihemate at blood pH, varied with concentration, 
rate of absorption, and method of administration. Ferrihemate 
injected intravenously persisted in the plasma for several hours to 
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2 days depending on initial concentration. It was not excreted in 
the urine and did not form a methemoglobin-like derivative with 
the plasma proteins. There was an occasional slight increase of 
bilirubin and porphyrins in urine but no elevation of serum 
bilirubin. Ferrihemate was carried and deposited in the reticulo- 
endothelial system. Our results indicate that the dog has a verj' 
limited capacity to metaboli 2 e unconjugated hematin. 

Morphine Excretion As Determined in Hydrolyzed and Un- 
hydrolyzed Urine from Morphine Addicts. By Fred W. 
Oberst. From the United States Pnhlic Health Service Hos- 
pital, Lexington, Kentucky 

The relationship between the amounts of morphine administered 
and its urinary e.xcretion was investigated in morphine addicts 
recei\ing the alkaloidal sulfate subcutaneously in amounts varj’-- 
ing from 100 to 4400 mg. per day. Urine saturated with sodium 
bicarbonate yields morphine base which presumably was com- 
bined with acids as salts. Urine acidified with one-fifth of its 
volume of concentrated hydrochloric acid and hydrolyzed for 3 
hours yields from 2 to 21 times more morphine, depending on the 
amount injected. The additional morphine presumably is con- 
jugated with some unknomi substance, since only after long and 
vigorous acid hydrolj’-sis was the maximal amount of the morphine 
liberated. The quantitative determination of total morphine in 
hydrolyzed urine was made by three independent methods. The 
morphine base was also identified by its isolation from the hydro- 
lyzed urine in pure crystalline form melting at 247-248°. 

The amounts of both the free and the combined morphine in 
the urine were increased when the dosage levels were markedly 
increased. In 64 samples of urine from eleven patients the aver- 
age dmly per cent of morphine e.xcreted in imhydrolyzed urine 
was 5.0 (range 0.7 to 12.0), while that in hydrolyzed urine was 30.5 
(range 12 to 55). The low percentage excretion values for a given 
dosage are invariably associated with low urine volumes, and the 
high values with high urine volumes. 

The Nature of the Blood and Tissue Changes Produced by Feed- 
ing Cholesterol to Guinea Pigs. By Ruth Okey and I^'era D. 
Greaves. From the Department of Home Economics and the 
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AgncuUural Experiment Station, University of California, 

Berkeley 

As previously reported,* guinea pigs fed 1 per cent cholesterol 
developed in from 7 to 9 weeks a severe anemia, vdth enlarged and 
fatty livers and spleens approximately 10 times normal size. 

Choline, both as such (20 mg. daily doses) and in dried egg yolk 
lecithin (4.5 per cent of the diet), delays but does not prevent onset 
of the anemia. Higher choline intakes are toxic to control 
animals. 

Increase of the protein in the diet from 20 per cent to 25, 30, 
and 40 per cent levels has been progressively less well tolerated. 
46 per cent of the animals fed cholesterol with 30 and 40 per cent 
casein had stones (largely calcium phosphate) in the gallbladder, 
as did less than 10 per cent of the animals fed cholesterol with 20 
and 25 per cent casein. These stones have not been observed in 
control animals. 

Increases in the intake of ascorbic acid, vitamins of the B com- 
plex, A, and E, and of iron have been without effect on the anemia 
but extra “grass juice factor" fed as lettuce has somewhat delayed 
its onset. 

With all these variations in the cholesterol diet the anemia has 
been consistently characterized by large proportions of immature 
cells in bone marrow, color indices near control level, high i-eticu- 
locyte counts, decreased lecithin to free cholesterol ratios in tissue, 
and a histological picture which suggests that the altered lipid 
ratios result in impairment of ability of the tissue cells to take in 
water-soluble nutrients. 

The Nutritive Value of Cottonseed Meal. By H. S. Olcott. 

From the Mtdtiple Industrial Fellowship of the Cotton Research 

Foundation, Mellon Institute, Pittsburgh 

Investigations of the nutritive value of cottonseed proteins are 
complicated by the presence of the toxic factor, gossypol, in the 
kernel. The methods used for preparing cottonseed meats for 
pressing include a cooking procedure during which the gossypol 
is detoxified, presumably by combination with protein. 

In the present series of rat feeding experiments, it has been 
confirmed that the protein of ether-extracted cottonseed meats is 

* Okey, E., and Greaves, V. D., J. Biol. Chem., 129, 111 (1939). 
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excellent for grog'll! promotion, at levels as low as 12 per cent of 
the diet. Autocla^•ing such meal decreases the value of the 
protein, but the autoclaved meal is still superior to commercial 
cottonseed meal as a source of protein, even though the heat treat- 
ment has been more drastic. This lower value of the commercial 
meal does not appear to be due to a toxicity of the protein-gossj'pol 
comple.\', but rather to a loss of availability for an appreciable part 
of the original protein. The biological value of the commercial 
meal cannot be increased by supplements of lysine, cystine, or 
tryptophane. 

Diets containing free gossypol introduced as a solution in oil 
lose their toxicit}^ upon standing. The disappearance of gossj^pol 
is analogous to that observed with the fat-soluble vitamins and is 
induced by the oxidation of the glj'cerides. A lack of appreciation 
of the fact that gossj^pol can be detoxified by two entirely different 
mechanisms, oxidation and combination nith protein, may be 
responsible for the many conflicting reports on the biological 
efficiency of cottonseed meal in stock foods. 

Factor W and Pantothenic Acid in the Nutrition of the Rat. By 

J. J. Oleson and Simox Bl.^ck. From the Department of 

Biochemistry, University of Wisconsin, Madison 

In 1936, Elvehjem, Koehn, and Oleson* demonstrated the 
existence of a new growth factor for rats (factor W) distinct from 
thiamine, riboflardn, vitamin Be, and the chick antidermatitis 
factor (filtrate factor). In this paper, further evidence is pre- 
sented that the chick antidermatitis factor (pantothenic acid) is 
required by the rat in addition to factor W. 

That one of the factors required by the rat is pantothenic acid 
is shown by the following properties. It is extracted from acid 
solution with ether. It is inactivated by alkali and reactivated by 
conjugation with /3-alanine. Its activity is lost upon acetylation 
and regenerated by mild hydrolysis of the acetyl derivative. 
Furthermore, all preparations which promote good growth in the 
rat contain significant amounts of pantothenic acid as .shown by 
bacterial assay. 

Factor W is distinguished from pantothenic acid by its failure 

* Elvehjem, C. A., Koehn, C. J., Jr., and Oleson, J. J., J. Biol. Chem., 
115 , 707 ( 1936 ). 
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to be extracted from crude concentrates with ether and its stability 
to alkali. 

Fractions containing each factor practically free of the other 
have been prepared. Neither is active alone but good responses 
are obtained when the two fractions are combined. However, 
growth comparable to that obtained with liver extract does not 
result when more purified fractions of factor W and pantothenic 
acid are fed, indicating that at least one more growth factor is 
required by the rat. 

The Effects of Certain Inorganic Substances on the Glucose 
Tolerance of the Diabetic Rat. By James M. Orten and 
Henry B. Devlin, From ihe Department of Physiological 
Chemistry j Wayne University College of Medicine^ Detroit 
A study of the effects of copper, which has been alleged to exert 
an insulin-sparing action in the diabetic organism, and of sodium 
and potassium chlorides on the tolerance to glucose of diabetic 
rats is being made. Adult intact and partially pancreatectomized 
rats of the Connecticut Agricultural Experiment Station strain 
were used as experimental animals. After 16 to 18 hours fasting, 
350 mg. of glucose per 100 gm. of body weight were adminis- 
tered intraperitoneally and the sugar content of blood obtained 
from a tail vein was determined at regular intervals during a 5 
hour period. 

Approximately 40 per cent of the intact rats were found to have 
a low tolerance to glucose, the tolerance curves resembling those 
of the partially pancreatectomized animals. The administration 
of copper, as copper sulfate, either orally, subcutaneously, or 
intraperitoneally before or at the time of the injection of the 
glucose had no appreciable effect on the tolerance to glucose of 
either the intact diabetic rats or the pancreatectomized animals. 
However, the administration of sodium chloride, isotonic with the 
glucose solution injected, resulted in a normal tolerance to glucose 
in both types of diabetic rats. The results of further studies, 
now in progress, will be discussed. 

On the Quantitative Determination of Nicotinic Acid and Its 
Derivatives in Urine. By William A. Perlzweig, Edward 
D, Levy, and Herbert Sarett. From the Department of 
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Biochemislnj, Duke University School of Medicine, Durham, 

North Carolina 

All of the recent colorimetric methods for the determination of 
nicotinic acid and its derivatives in biological materials are based 
either on Vongerichten’s reaction -nith dinitrochlorobenzene* or 
Koenig’s reaction with CKBr and an aromatic amine.f On appli- 
cation of these methods to urine it was found that human and dog 
urines contain pjTidine derivatives (pyridine, methylated pjTidi- 
niiim bases, nicotine in smokers) which modify the above reactions, 
interfere with them, and prevent the quantitative recovery of 
added nicotinic acid. This becomes clearly apparent when the 
absorption of the color is measured spectrophotometricallj' 
throughout the entire \'isible range. In an attempt to separate 
the interfering substances from nicotinic acid the following steps 
were developed; selective adsorption of nicotinic acid and its 
derivatives upon a fullers’ earth and elution; optimal conditions 
for the complete hydrolysis of the amide and of the glycine conju- 
gate; distillation of the pyridine bases and of alkaloids; removal 
of the urinary pigments ^\^th Pb salts; color development with 
CNBr and an amine and the extraction of the dye vdth butjd 
alcohol. 

By combining these steps it has been possible so far to effect 
only a partial elimination of the interfering factors. The applica- 
tion of rigorous criteria to the solution of this problem will be 
discussed. 

Biotin Requirements of Clostridia and Assay of Biological Mate- 
rials for Biotin. By W. H. Petersox, L. E. McDaniel, .^nd 
Eliz.abeth McCoy. From the Departments of Biochemistry 
and Agricultural Bacteriology, University of Wisconsin, Madison 
Biotin has been reported recently as essential for the growth of 
certain Clostridia. We have confirmed the report of Snell and 
Williams* and have tested additional species against either biotin 
(kindly supplied by Dr. Williams) or a biotin-rich concentrate. 
On a synthetic medium (glucose, asparagine, and salts) addition 
of biotin (0.00001 microgram per cc.) produced good growth with 

* Ber. chem. Ges., 32, 2571 (1899). 
t J. prahl. Chem., 69, 105 (1904). 

• Snell, E. E., and Williams, R. J., J. Am. Chem. Soc., 61, 3594 (1939). 
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seven species, including Clostridium sporogenes, not previously 
knovTi to require biotin. These results indicate that at least one 
constituent of the so called "sporogenes vitamin” is biotin. 

No response was obtained with twenty other species, of which 
the following are representative: Cl. acetobutylicum, Cl. bohdimm, 
Cl. welchii, Cl. histolyiicum. Many of these probably require 
biotin but failed to grow because of the absence of other essential 
constituents. Some of the latter are probably unidentified, for 
in the case of Cl. acetobutylicum no combination of known factors 
induced growth. 

Since biotin is the only growth factor required by Cl. butylicum, 
this organism may be used to assay natural materials. The biotin 
content is ascertained by comparing the growth produced on 
addition of a natural material to the basal medium \vith that 
obtained with known amounts of pure biotin. The richest 
sources proved to be molasses, Vitab II, alfalfa, and egg yolk. 
Cereal grains, peptone, and extracts of liver, yeast, beef, and malt 
were fairly rich. Lean meats, vegetables, fruits, and milk were 
poor sources. The wide distribution of biotin in plant and animal 
materials suggests that it may also be required by animals. 

Isolation of a New Nitrogenous Acid from the Adrenal Gland. 

By J. J. Pfiffner and H. B. North. From the Research 

Laboratories of Parke, Davis and Company, Detroit 

While seeking a further supply of the phenolic base, adreno- 
diamine, we have isolated a new acid from the adrenal glands of 
cattle. It is very soluble in most organic solvents but crystal- 
lizes readily in rosettes of long flat needles from dilute alcohol or 
from water on acidification of its sodium salt. It melts at 124- 
125° (uncorrected). The most probable molecular formula is 
C12H20O3N2. It is optically inactive. Examination of its absorp- 
tion spectrum indicated a single band at approximately 220 m/i. 
With diazomethane it yields a liquid monomethyl ester. A crys- 
talline p-phenyl phenacyl ester and p-nitrobenzyl ester were 
prepared. The former crystallizes with 1 molecule of ethyl 
alcohol and has no sharp melting point. The latter melts at 
114-116°. The compound was not acetylated nor did it form a 
semicarbazone under the usual conditions. It gave a negative 
test for alkoxyl and was not attacked by warm nitric acid. The 
substance is seemingly unrelated to the functional activity of the 
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gland but the elucidation of its structure should prove of interest 
from a metabolic point of view. We suggest the name "adrenic 
acid." 

Some New Adrenal Steroid Ketones. By J. J. Pfiffner and 
H. B. North. From the Research Laboratories of Parke, 
Davis and Company, Detroit 

We wish to add two a-^-unsaturated ketones to the large number 
of adrenal steroids which have been isolated and described in 
recent years. One has been shown to be a IT-hj'droxyproges- 
terone. It is practically devoid of progestational or cortical 
actmty but displays androgenic activity comparable to that of 
adrenosterone in the immature castrated rat. Formation of this 
compound in the organism may explain the androgenic action of 
large doses of progesterone. It ma 5 ' also account in part for the 
androgenic actmty of the urine in cases of adrenal tumor. The 
second ketone (m.p. 261-264° with decomposition, uncorrected; 
[a] D = + 133° ±: 4°) is of particular interest because results ob- 
tained thus far indicate it to be a member of a new series. It 
analyzes for CsiHm-soOi. It yields a monosemicarbazone and a 
monoacetate (m.p. 202-204°). With mild chromic acid oxidation 
a neutral oxidation product was obtained (m.p. 206-208°) which 
anal 3 'zed as ChH-s-mO^, and which jdelded a monosemicarbazone 
(m.p. 242-245° with decomposition). These observ’ations indi- 
cate that all 4 o.xygen atoms are on the nucleus. The carbonjd 
group is presumablj’ in the 3 position. The reactive hj'droxjd 
group maj^be located at C 11 ndth a steric configuration opposite 
to that in corticosterone. This would account for the formation 
of a neutral o.xidation product hardng only one reactive carbonyl 
group. The compound has no cortical, androgenic, or progesta- 
tional actmtj'. 

The Excretion of Sulfate by Normal Men, By Marschelle H. 
Power, Arnoldtjs Goudsmit, Jr., and Norm.yn M. Keith. 
From the Division of Biochemistry and the Division of Medicine, 
The Mayo Foundation, Rochester, Minnesota 
We have reported previously* that when solutions containing 
both sodium sulfate and sucrose are injected intravenously the 

• Power, M. H., Goudsmit, A., Jr., and Keith, N. M., Proc. Am. Soc. 
Biol. Chem., J. Biol. Chem., 128, p. Ixxix (1939). 
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sulfate clearances, which at endogenous levels of the serum sulfate 
are about 25 to 40 per cent of sucrose clearances, increase to 
values nearly equal to or sometimes slightly greater than the 
sucrose clearances. The sulfate to sucrose clearance ratios in a 
given individual were found to be constant as the serum sulfate 
decreased from values 15 to 30 times normal down to values 7 to 10 
times normal. Subsequent data indicate that within the range 
of serum sulfate from normal to about 5 times normal the sulfate 
clearances will assume values intermediate between the endogenous 
and the maximal clearances, depending on the level of the serum 
sulfate. 

Our results are in harmony with those published recently by 
Bjering and 011gaard.t These authors accounted for the relatively 
low endogenous sulfate clearances in man by assuming that most 
of the inorganic sulfate is present in plasma in a non-filtrable 
form, and conversely, for the relatively high clearances observed 
after adminstration of sulfate by assuming that exogenous sulfate 
is freely eliminated by glomerular filtration \vithout appreciable 
tubular reabsorption. We consider that the view of non-filtra- 
bility of endogenous plasma sulfate is less well supported by experi- 
mental evidence than that of practically complete iiltrability; 
consequently we retain the opinion that endogenous and exogenous 
sulfates are both probably excreted by glomerular filtration wth 
subsequent reabsorption of more or less constant amounts of the 
filtered sulfate. 

■ Assay Method for Vitamin K. By Akmand J. Quick. From 
the Department of Pharmacology, Marquette University School 
of Medicine, Milwaukee 

Since vitamin K is essential for the synthesis of prothrombin, 
the most logical method for assaying this agent is to find the 
minimum amount required to restore the prothrombin to the 
normal level in chicks suffering from a deficiency of vitamin K. 
The following method was developed. Chicks 1 week old are 
put on the Almquist diet. When the prothrombin is decreased to 
10 per cent of normal, the mateiial to be tested is fed. After 24 
hours, the prothrombin of the blood is determined. The smallest 
quantity necessary to restore the prothrombin to the normal level 

t Bjering, T., and pilgaard, E., Acta med. Scand., 102, 55-78 (1939). 
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can readily be determined. For the estimation of prothrombin, 
0.45 cc. of blood is taken from the wing vein and mi.vcd with 0.05 
cc. of 0.1 M sodium oxalate. The thromboplastin is prepared from 
chicken brain by the author’s acetone method. The same tech- 
nique is used for determining prothrombin in chicken as in human 
blood. Bj' means of this method the maintenance dose of \itamin 
K can be determined as well as the daily loss of prothrombin. It 
is further useful for demonstrating the greater efficacy of vitamin 
K over transfusion for restoring prothrombin. Feeding excessive 
amounts of vitamin K will not cause the prothrombin to rise 
above a fixed level. 

Further Studies on the Determination of Inorganic Sulfate in 
Serum. By John G. Reinhold and T. V. Letonoff. From 
the Division of Biochemistry, Philadelphia General Hospital, 
and the Department of Physiological Chemistry, School of Medi- 
cine, University of Pennsylvania, Philadelphia 
I^Tien sulfate is added to serum preceding deproteinization by 
uranium acetate as described in the method of the writers* or by 
the ferric chloride-ammonium hydroxide-ammonium acetate 
reagent of Hoffman and Cardon,t recoveiy' is incomplete unless 
protein is removed immediately. About 40 per cent of the sulfate 
added is not recovered, variations in the quantities added having 
little effect over wide limits. However, sulfate added to citrated 
plasma can be recovered quantitatively for an indefinite period. 
Binding of the added sulfate by serum therefore is associated with 
the clotting mechanism and the presence of only a small clot 
prevents quantitative recoveiy of added sulfate. The possible 
relationship to heparin or other sulfur-containing anticoagulant is 
to be investigated. 

Despite the reaction of sulfate with serum, serum and citrated 
plasma derived from the same specimen of blood give identical 
values for inorganic sulfate. That portion of the sulfate added to 
serum not recovered as inorganic sulfate cannot be recovered in 
the total non-protein sulfur of filtrates of the type mentioned 
above. It is liberated when serum is deproteinized by trichloro- 
acetic acid. However, trichloroacetic acid, especially in higher 

* Letonoff, T. V., and Reinhold, J. G., J. Biol. Chem., 114, 147 (1936). 
t Hoffman, W. S., and Cardon, R., J. Biol. Chem., 109, 717 (1935). 



Scientific Proceedings. XXXIV 


Ixxx 

concentrations (1 cc. of 20 per cent solution per cc. of serum), 
attacks also ethereal sulfate and liberates significant amounts of 
sulfate; therefore its suitability when used in such concentrations 
for the determination of inorganic sulfate of serum is questionable. 

The Relationship of Phosphorus to the Metabolism of Fat and 
Glucose. By Raymond Reiser. From (he Animal Hvs- 
handry Research Laboratory, State College of Agriculture, Uni- 
versity of North Carolina, Raleigh 

The intestinal mucosa, liver, and kidney of fasting swine were 
analyzed 1 hour after the ingestion of glucose and 2 liours after 
the ingestion of cottonseed oil. It was found that after the inges- 
tion of glucose the acid-soluble ester phosphorus of the mucosa 
and kidney increased, the increase in the mucosa being partially 
at the expense of the inorganic fraction. Both the inorganic and 
ester fractions of the acid-soluble phosphorus of the liver decreased. 
The inorganic fraction of the kidney did not change significantly. 

After the ingestion of oil there was a marked increase in tlie 
acid-soluble ester phosphorus of all three organs and a smaller 
though significant increase in the inorganic phosphorus of the 
mucosa and liver. There was, also, an increase in the total 
reducing substance in the trichloroacetic acid filtrate of all three 
organs after oil ingestion, the increase in the liver being as great 
as after glucose. 

Tire data have been evaluated statistically. 

Liquid Ammonia As a Reagent in the Study of Biochemical Com- 
pounds. By Richard G. Roberts. From the Deparlmeni 
of Physiological Chemistry, Chicago Medical School, Chicago 
Liquid ammonia is the most general solvent known, second 
only to water,* However, most of the work on this nitrogenous 
solvent has been done with salts and simpler organic compounds, 
But liquid ammonia is also a good solvent for many biological 
compounds of complex structure. Here, however, with com- 
pounds of definite physiological activity, such as the hormones, 
two other factors became of great importance, inactivation and 
prolonged or intensified activity. 

* Franklin, E. C., Nitrogen system of compounds, New York (1935). 
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Most of the amino acids and some simple peptides are soluble 
in liquid ammonia, while most proteins are insoluble, crystalline 
insulin being a notable exception. Adrenalin forms a suspension, 
but passes through a sintered glass filter of 20 n porosity, forming 
a clear filtrate which reverts to a suspension on standing. It 
seems to e.\-hibit properties of thixotropy, and precipitates from 
liquid ammonia in the form of circular platelets. It forms a pre- 
cipitate wth glycine, which has a more prolonged pressor action 
than adrenalin. Crj'stallinc insulin forms a precipitate with 
glycine also, but the product, if anj-thing, is less active. Hematin 
is soluble and forms a conjugate with glycine, this conjugate being 
soluble in water at pH 7.4. ParathjToid hormone is insoluble 
and slightly inactivated. Beef and hog anterior pituitary powders 
jneld soluble fractions, all being inactive; gonadogen (Upjohn) 
does likewise. Powdered digitalis yields a soluble fraction, both 
fractions being inactive. Powdered senna also yields a soluble 
fraction, but the activity remains in the insoluble fraction. 
(With the exception of adrenalin, the bioassay determinations 
were made by Dr. W. R. Tweedy, Dr. B. Geiger, and Dr. C. P. 
liraatz.) 

The Biuret Reaction in the Detennination of Serum Proteins. 
I, A Study of the Conditions Necessary for the Production of 
a Stable Color Which Bears a Quantitative Relationship to the 
Protein Concentration. By Howabd W. Robinbok and 
CoRiNNE G. Hogden. From the Children’s Hospital Research 
Foundation and the Department of Pediatrics, College of Medi- 
cine, University of Cincinnati, Cincinnati 
Although the biuret reaction has been successfully employed 
for the detenmnation of serum proteins, many investigators have 
avoided its use because of unsatisfactory standards, instability of 
color, and presence of other color-producing substances. 

Absorption curves of the color produced with varying concen- 
trations of NaOH and CUSO4 have been made and the density 
values at wave-lengths 560 and 700 mfi compared with the nitro- 
gen content of the solution. A color which remained constant 
for at least 48 hours w'as obtained in this manner: Serum is pre- 
cipitated with CCI3COOH, centrifuged, the precipitate dissolved 
in 3 per cent NaOH, and color developed with CUSO 4 . A wide 
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variation in the concentration of Cu had no influence on color. 
Rabbit serum diluted with saline was more satisfactory as a 
standard than dog or human serum, for, when kept in a refrigerator 
for 6 months, it gave the original protein value. In 3 per cent 
NaOH the density values were entirely proportional to the quan- 
tity of protein present and the amount due to Cu uncombined 
with protein was almost negligible, whereas in higher concentra- 
tions of alkali this increment became a much greater proportion 
of the total density. 

Filtration of the color solution through No. 00 Munktell paper 
lowered the density value with no change in the nitrogen content. 
Reproducibility of this clear color solution in relation to N content 
has led us to believe that accurate determinations can be made 
without a standard in any photoelectric colorimeter with suitable 
filters. 

The Relation of Nutrition to Gastric Function. 11. The Effect 
of a Dietary Deficiency of Vitamin C. By Joseph H. Roe, 
James M. Hall, and Helen M. Dyer. From the Depart- 
ment of Biochemistry, School of Medicine, George Washington 
University, Washington 

Guinea pigs were placed on a scurvy-producing diet. In deter- 
mination of the gastric function histamine was injected into a 
fasted animal every 15 minutes and the stomach contents were 
removed every half hour for 2 hours. The volume of gastric 
juice, the total acidity, and the free HCI were determined. In 
acute scurvy'’ there is a marked reduction in the volume of gastric 
juice secreted and a decrease in the acidity. Up to the time ol 
onset of severe scurvy symptoms there appears to be little or nc 
diminution in secretory function. 

Chemical Studies on Powdered Wool. By Joseph I. Routh, 
From the Biochemical Laboratory, State University of Joiva 
Iowa City 

Several batches of powdered wool were prepared by beinf 
ground in a ball mill for variable periods of time. Before it was 
ground, the ■wool w'as either cut into short fibers with scissors oi 
into very fine pieces with a Wiley mill. The pow'dered materia 
was separated into fractions of different particle size by a series oi 
screens (100 to 325 mesh). 
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By extraction with water each of these fractions was separated 
into soluble and insoluble portions. Nitrogen, sulfur, and cystine 
determinations were made on the original powdered wool, on the 
water-soluble portion, and on the residual insoluble material. 

The nitrogen and sulfur content of the wool was not appreciably 
altered by the grinding process; however, a progressive decrease 
in cystine was obsen-ed as the time of grinding increased. The 
soluble portion contained nitrogen and sulfur, which increased 
with the time of grinding. It appears that the duration of grind- 
ing has more influence on the increase in soluble nitrogen and 
sulfur of the powdered wool and on the decrease in its cystine 
content than the variation in particle size. 

The Supplementary Relationship of Vitamin Bs and Unsaturated 

Fatty Acids. Br W. D. Salmon. From ihc Laboratory of 

Animal Niilrilion, Alabama Polytechnic Institute, Auburn 

On a fat-free diet supplemented with carotene, calciferol, 
thiamine, riboflardn, and factor 2, rats made very’ little growth and 
consistently developed erythema on the nose and feet, a generalized 
scaliness and Assuring of the skin, and a severe hematuria. The 
addition of synthetic vitamin Be (Merck) produced a marked 
stimulation of growth, prevented the erythema, and reduced the 
severity of the scaly condition of the skin. The hematuria was 
not prevented, how'ever, and the rats eventually succumbed. 

The addition of methyl linolate or com oil (uithout vitamin B^) 
prevented the hematuria as well as the erjdbema and scaliness of 
the skin but produced relatively little growth. The further addi- 
tion of vitamin Be resulted in a marked increase in the rate of 
growth. 

BTien the carbohydrate of the vitamin Bs-free diet was entirely 
replaced with fat, a slow but continued rate of growth resulted. 
The addition of rdtamin Be to the high fat diet markedly increased 
the rate of growth. 

Although the \dtamin Be and the essential fatty acids can to a 
certain extent mutually alleviate the deflciency of each other, the 
presence of both in the diet is necessary for normal nutrition of 
the rat. 

Studies on Invertebrate Hemoglobins. By Ktjrt S.alomon. 

From the Laboratories of Physiological Chemistry and of Pharma- 
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oology and Toxicology, Yale University School of Medicine 
New Haven 

Two hemoglobins occurring in worms (erythrocruorins in 
Svedberg’s terminology) have been studied from a chemical and 
physicochemical point of view in order to enable a comparison 
of their properties with those of vertebrate hemoglobin. These 
properties include the absorption spectrum of the pigments and of 
some of their derivatives, their stability towards denaturation, 
the ease of their oxidation to the ferri compounds, their behavior 
in the ultracentrifuge and in electrical fields. A successful at- 
tempt has been made to utilize the air-driven ultracentrifuge for 
the purification of such pigments. Particular attention was paid 
to the question as to the number of heme groups per erythro- 
cruorin molecule. Two very different types of erythrocruorin 
were studied in this work, viz. the macromolecular respiratory, 
pigment of the common earthworm (Lumbrieus terrestris) and 
the low molecular respiratory protein of the so called blood-worm 
{Glycera dibranchiata, Ehlers). In accordance with the general 
rule of Svedberg the former is freely dissolved in the plasma, 
whereas the latter is locked up in corpuscles which are found in the 
body fluid. 

The relatively large amount of pigment present in the blood- 
worm has made it possible to isolate sufficient quantities of pure 
crystalline hemin to permit a determination of the configuration 
of the porphyrin side chains in order to decide whether the heme 
grouping in invertebrates is identical with that of the vertebrates 
as is generally assumed without a sufficient experimental basis. 

Direct Action of Nicotinamide As a Respiratory Stimulator. By 
Felix Saunders, Albert Dorfman, and S. A. Koser. From 
the Departments of Biochemistry and of Baeteriology and Para- 
sitology of the University of Chicago, Chicago 
The respiration of dysentery bacilli grown on suboptimum 
amounts of nicotinamide with glucose as substrate is stimulated by 
nicotinic acid, nicotinamide, or coenzyme I. This stimulation 
might'be thought of as being due to synthesis of coenzyme I or II, 
or a closely related coenzyme. The purpose of this report is to 
show that nicotinamide functions directly as a respiratory stimula- 
tor without being synthesized to a known coenzyme. This 
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statement is supported by the following experimental results. (1) 
CoenzjTnes I and II are less effective as growth factors for dysenterj' 
bacilli than an equivalent amount of nicotinamide. If coenzj'mes 

I and II are autoclaved their growth-promoting aetivity is in- 
creased. (2) The ratio, time of reduction of moth}'lene blue b}' 
cells to reduction by cells plus nicotinamide, is not affected by 
time of incubation. (3) CoenzjTncs I and II are less active than 
nicotinamide as respiratory stimulators. When coenzjTnes I and 

II are autoclaved, their activity is increased. The more complete 
the hj'drolj’sis, the greater the increase in activity. (4) I^lien 
Proieiis vvlgaris cells grown on a medium deficient in nicotinamide 
are used, nicotinamide stimulates the respiration with glucose as 
substrate, but with lactate as substrate nicotinamide is inactive, 
while cozjTnase stimulates respiration. Other systems wliich are 
knoum to be stimulated by coenz^Tne I arc not stimulated by 
nicotinamide. On the basis of these facts we postulate that 
metabolism of glucose by dj'senteiy bacilli involves a tj'pe of 
respiration not yet described and one in which nicotinamide can 
act directly without previous sjmtbesis to a known coenzjTne. 

Development of “Sulfapyridine Fastness” in Vivo. Bv L. H. 
Schmidt .vxd Heh-m.^x Detttviler. From the Christ Hospital 
Research Institute and the Department of Biochemistry, College of 
Medicine, University of Cincinnati, Cincinnati 
A group of mice was infected with a strain of Type III pneumo- 
coccus and was treated with sulfapyridine for 6 days. All of these 
mice sundved the treatment period, but died within 3 days after 
therapy was stopped. A second group was infected similarly with 
pneumococci isolated at the time of death from mice belonging to 
the first group. These mice were treated with sulfapyridine as 
were those of the original group, but some died during the treat- 
ment period and all w'ere dead within 36 hours after therapy was 
discontinued. When this infection procedure w'as repeated in a 
third, fourth, and fifth group of mice, deaths oceurred earlier in 
each succeeding group. In the fifth group some of the animals 
died as early as the 2nd day of treatment, the majority died on the 
3rd day, and all w’ere dead by the 4th day. Since there were no 
differences between the virulence and invasiveness of the parent 
organisms and those isolated from mice of the fifth treated group. 



Ixxxvi 


Scientific Proceedings. XXXIV 


the pneumococci must have become insensitive or “fast” to the 
drug during the treatment periods. 

The results of experiments in vitro support this conclusion. 
Sulfapyridine added to infusion broth, or infusion broth plus 
glucose, or blood broth, inhibited the growth of the parent organ- 
isms throughout a 48 hour period. Under similar conditions the 
growth of the “fast” strain was inhibited for 12 hours only, after 
which this strain grew as well in sulfapyridine-containing media 
as in media without sulfapyridine. 

Evidence of the Complex Nature of the Alcoholic Precipitate 

Factor Required by the Chick. By A. E. Schumacher, G. F. 

Heuser, and L. C. Norris. From the Department of Poullry 

Husbandry, Cornell University, Ithaca 

A report was made recently of a factor, precipitated by alcohol, 
which is required for growth and reproduction in the domestic 
fowl. In order to study the alcohol precipitate factor more 
effectively a special diet,* more deficient in the factor than the 
ones previously used, was developed. This diet, it is now evident, 
is deficient in at least two factors required for chick growth rather 
than one. 

The factors are extracted from yeast with 0.24 N HCl. Upon 
concentration and addition of 10 parts of ethyl alcohol by volume, 
factor 2 is precipitated, while factor 1 remains in the filtrate. 
Factor 1 is then precipitated by neutralizing the alcohol filtrate. 

The addition of factor 2 equivalent to 5, 10, and 15 per cent 
yeast to the basal diet promoted growth which was significantly 
better than that obtained with the unsupplemented diet. No 
differences in growth were obtained on the various levels of 
factor 2. The addition of factor 1 equivalent to 5 per cent yeast 
to factor 2 promoted groivth which was significantly better than 
that obtained on factor 2 alone. This groAvth was equal to that 
obtained "with the untreated extract equivalent to 5 per cent yeast. 

By precipitation with alcohol both factors are separated from 
nicotinic acid, pantothenic acid, riboflavin, thiamine, and vitamin 
Bg. Differences in solubility favor the non-identity of these 
factors with factor W. Their presence in yeast makes it improba- 
ble that either one is identical with the grass juice factor. 

* Schumacher, A. E., and Heuser, G. F., Poultry Sc., 18, 411 (1939,1. 
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Ascorbic Acid and the Metabolism of the Aronaatic Amino Acids, 
Phenylalanine and Tyrosine. By Robert Ridgew Sealock, 
Jesse D. Perkinson, and Hannah E. Sieberstein. From 
the Department of Vital Economics, The Univcrsitij of Rochester, 
Rochester, New York 

In the recent demonstration that vitamin C prevents the excre- 
tion of homogentisic acid resulting from the feeding of tyrosine 
to guinea pigs, qualitative tests indicated that other metabolites 
were also excreted on the ascorbic acid-deOcient diet. With daily 
supplements of 0.5 to 1.0 gm. of Z-tjTosine appro.ximately 30 per 
cent is present in the urine as homogentisic acid and 30 per cent 
as the p-hydro.xj'pbenj'lpyruvic acid. With similar amounts of 
Z-phenylalanine comparable levels of the corresponding metabolites 
are present. In addition, traces of the lactic acid derivatives and 
the unchanged amino acids are also excreted. Administration of 
5 to 10 mg. of ascorbic acid daily' inhibits ndthin 24 to 72 hours the 
excretion of the catabolites and subsequent removal of the ntamin 
causes their prompt reappearance in the urine. That the state 
of ^^tamin saturation of the animal body is an important factor is 
indicated by' the fact that animals e.xhibiting scorbutic sy'mptoms 
require larger doses of \'itamin than those vrith no symptoms. 
These findings with expeiimental animals furnish e\ddence that 
ascorbic acid is essential to the normal oxidative breakdown of 
these aromatic amino acids and are in agreement with the recent 
experiments of Lerdne, Marples, and Gordon,* who find that 
vitamin C will prevent the excretion of the same metabolic 
substances by premature infants. 

In addition to the above results, similar feeding experiments 
rvith the unnatural isomers of phenylalanine and tyrosine and the 
corresponding keto acids will be reported. 


Studies on the Chemical Treatment of Tumors. V. Separation 
of the Hemorrhage-Producing Fraction from Bacillus prodi- 
giosus Filtrates. By M. J. Shear and Floyd C. Turner. 
From the National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland 

The method used* for separating, from broth cultures of Bacillus 


• Levine, S. Z., Marples, E., and Gordon, A. H., Science, 90, 620 (1939). 
Shear, M, J and Andervont, H. B,, Proc. Soc. Exp* Biol, and Med., 34, 
323 (1936). ^ 
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coK, the fraction which produces hemorrhage in mouse tumors was 
applied to similar cultures of Bacillus prodigiosus, an organism 
employed in the preparation of Coley’s “toxins.” 

Untreated broth culture filtrates contained 330 mouse tumor 
units per cc. as contrasted with 100 units per cc. for a commercial 
preparation of “Coley’s mixed toxins.” (A mouse tumor unit is 
defined as the amount required for production of hemorrhage in 
a mouse sarcoma.) Fractionation gave a concentrate containing 
20,000 mouse tumor units per cc. 

Since the chief impurities were the constituents of the original 
broth culture medium, simple synthetic media were tried. One 
consisting of NH4CI, (NH^sSO^, KH2PO4, NaOH, and glucose 
was found satisfactory. 

The filtrates, which had the same potency as those from broth 
cultures, were treated wdth CHCh; the resulting emulsions con- 
tained practically all of the active material. After removal of 
the chloroform from the emulsions, addition of CsHsOH gave a 
precipitate which was water-soluble. A solution, wth a potency 
of 133,000 mouse tumor units per cc., contained 26.4 mg. of total 
solids per cc.; i.e., 0.2 7 per mouse tumor unit as compared with 
0.4 7 previously obtained with the Bacillus coli concentrate. 

The lethal dose of the various concentrates ranged from 100 to 
1000 times the minimum effective dose. 

Between pH 1 and 10, none of the active agent dialyzed through 
cellophane; none was destroyed except at high acid concentration. 

Techniques for large scale preparation of highly potent con- 
centrates have been worked out. 

pH Relations in Salt-Catalyzed Carbohydrate Oxidation. By 

Fay Sheppard, I. S. Danielson, and Mark R. Eveeett. 

Frojn the Department of Biochemistry, University of Oklahoma 

Medical School, Oklahoma City 

The theory that carbohydrates function as anions and are 
activated by hydroxyl ions during direct oxidation is not consonant 
with the anionic nature of common laboratory oxidants nor ivith 
the rapid salt-catalyzed oxidations by bromine and hydrogen 
peroxide in neutral or slightly acid solutions at room temperatures. 
Using a Macinnes glass electrode, the authors have made pH 
measurements in 1 per cent d-gluconolactone solutions during salt- 
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catalyzed oxidation by 2 equivalents of hydrogen peroxide. Only 
small changes of pH oecur during the reaction u’hich is rapid at 
pH 4 wth iron salts. With potassium bicarbonate, oxidation is 
rapid at pH 6.6, optimal at 6.9 to 7.15, slow at 8.5, and inhibited 
at slightly greater alkalinity. Oxidative influences of h 3 "dro.xyl 
ions are apparently exerted upCn the oxidants and salts. 

Potassium bicarbonate e.xhibits stoichiometric relations to 
gluconolactone; increments in reducing products of the oxidation 
are 2, 17, 1, and 15 (as per cent glueose) for the first 4 equivalents 
of bicarbonate respectiveb', and 1 per cent each for the ne.xt 4 
equivalents. This suggests that two pairs of bicarbonate 
molecules combine with gluconolactone to effect catalj’sis. Phos- 
phates are inactive per sc but 2 equivalents of dipotassium phos- 
phate act sjTiergistically nith 4 of potassium bicarbonate to give 
22 per cent additional reducing material at pH 7.15. Copper, 
iron, nickel, and tungstate ions also catalj'ze h 3 'drogcn peroxide 
oxidation of carboh 3 'drates. Dipotassium phosphate is inhibitor 3 ' 
to iron salt catalysis. The relative inactivities of alkaline earths, 
borates, phosphates, etc., are not due to pH variations. 

Effect of Certain Fats upon the Utilization of Carotene. Bv W. C. 

Sherm.vn’, From the Lahoralory of Animal Nutrition, Alabama 

Polytechnic Institute, Auburn 

Young rats recei^’ing a low fat, vitamin A-free diet until 
ophthalmia and cessation of growth occurred showed a better 
growth response to low levels of /3-carotene when fed with certain 
purified oils than when fed alone. Oils high in unsaturated fatty 
acids gave the best grondh. Fats which were too low in un- 
saturated fatty acids to protect against scaliness in the animals 
had no effect upon the growth. 

When methyl linolate was fed with low levels of carotene, the 
scaliness was alleviated, but the vitamin A deficiency was intensi- 
fied. After temporary improvement, the ophthalmia recurred and 
was accompanied by a loss of weight. This interference of methyl 
linolate with carotene utilization was prevented by the addition of 
soy bean oil or by feeding the two supplements several hours apart, 
in which case the methyl linolate improved the growth. Growth 
was also increased by methyl linolate when it was fed with larger 
amounts of carotene. 
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Methyl linolate did not cause direct destruction of the carotene 
prior to its ingestion by the rats and did not decrease the efEciency 
of absorption of carotene. It appears, therefore, that linoleic 
acid interferes with the metabolism of carotene or vitamin A and 
that certain oils contain factors which protect against this 
interference. 

The Photoelectric Measurement of Cell Volume. By Alfred T. 
Shohl. From the Department of Pediatrics, Harvard Medical 
School, Boston 

A method is presented in which the transmission of light of 660 
mju through a suspension of blood is correlated with values for 
cell volume obtained by the hematocrit method. For normal 
blood the correlation lies -within 2 per cent. Fluctuations in 
hemoglobin content are -without effect, but pathological variatiosn 
in the cell size and shape give divergences which are a measure of 
this variation. 

The Influence of Some Amino Acids on the Production of Fatty 
Livers in Mice by Diet. By Sam A. Singal. From the Depart- 
ment of Biological Chemistry, Medical School, University of 
Michigan, Ann Arbor 

The effects of the betaine of cystine, cystine disulfoxide, pento- 
cystine, and hexocystine on the liver fat of mice when added to a 
basal diet high in fat and low in lipotropic factors (5 per cent 
arachin and 40 per cent lard) have been studied. The betaine of 
cystine, like methionine but unlike cystine, has been found to 
exert a lipotropic action in that it prevented the accumulation of 
fat in the liver. On the other hand the addition of cystine disulf- 
oxide resulted in the deposition of fat in the liver in amounts over 
and above those observed on the basal diet, resembling cystine 
in this respect. It had been shown previously that homocystine 
could produce an effect similar to that of cystine, but the next 
higher homologues, pentocystine and hexocystine, were entirely 
without influence on the production of fatty livers. 

Further Evidence of the Mode of Action of Vitamin D. By 
Margaret Gamma ck Smith and Harry Spector. From the 
Agricultural Experiment Station, the University of Arizona, 
Tucson 

That -vitamin D functions at least in part by increasing the 
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permeability of the intestinal canal to the absorption of calcium 
and phosphorus is indicated by the finding that mineral oil inges- 
tion, -n-hich experimental work in this laboratory has shown to 
interfere with the healing of rachitic lesions in rats by cod liver oil, 
and to prevent normal retention of calcium and phosphorus by 
puppies given an adequate ration and supposedly protective doses 
of vitamin D as cod liver oil by mouth, also interferes with the 
action of vitamin D which is formed by external irradiation of the 
animal body. 

Rats made rachitic on Steenbock’s Diet 2965 were divided into 
two groups matched as to litter, sex, weight, and handling, except 
that one group received the basal ration plus 10 per cent mineral 
oil. Rats from each group were exposed to the ultra\'iolet lamp 
at the same time and for the same length of timd during a 10 day 
test period. Line test findings on the bones showed, without 
exception, that healing was absent or less advanced in the group 
fed mineral oil. As min eral oil is probably not absorbed and 
plays its r61e only in the intestinal canal, evidence is given con- 
cerning one probable action of vitamin D as an antirachitic agent. 

A Study of Ascorbic Acid Synthesis by Rat Tissue, Br C. V. 

Smythe and C. G. King. From the Department of Chemistry, 
University of Pittsburgh, Pittsburgh 

Recent papers from our laboratory have showm that the 
synthesis and excretion of ascorbic acid by albino rats can be 
greatly stimulated by the administration of any one of a series of 
organic compoimds. The site of formation of the -vutamin and the 
mechanism by w'hich it is formed are entirely unknown. In the 
present work experiments were carried out with the Warburg 
technique, on tissue slices and homogenized tissue from normal 
rats and from rats that were excreting large amounts of ascorbic 
acid, owing to treatment with the compounds mentioned above. 
As a general result of treatment with such compounds, there was 
a decreased rate of glycolysis and of oxygen consumption. The 
various tissues were analyzed for ascorbic acid at the beginning 
and at the end of the manometric experiments in the presence of 
various substrates. Practically all tissues showed an increase in 
reducing material when held anaerobically, but in some cases it 
w'as possible to show by the rate of reduction of dichlorobenzenone 
indophenol that there was practically no increase in ascorbic acid. 
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In other cases a reducing material' was formed that so far cannot 
be distinguished from ascorbic acid. 

Pantothenic Acid Content of Tissues of Chicks on Diets Deficient 
in This Substance. By E. E. Snell, Derrol Pennington, 
AND Roger J. '^VILLIAMS. From the Department of Chenmlnj, 
Universihj of Texas, Atistin 

Day-old chicks were fed a starting mash for 4 days. One group 
was then fed Juices’ heated ration.* A control group was fed this 
ration supplemented with 0.03 per cent of a pantothenic acid 
concentrate potency 600. f Jukes found this level sufficient for 
maximal growth on the above diet.* Differences began to appear 
within a week; after 23 days chicks of the deficient group averaged 
99 gm. and showed moderate to severe symptoms of chick der- 
matitis. Normal chicles of the control group averaged 215 gm. 

Chicks from each group were killed, and the desired tissues 
removed, ground, and autolyzed at 37°. Water extracts of the 
autolyzed tissues were assayed for pantothenic acid by the yeast 
growth method of Williams et al.\ and a modification of the 
bacterial test of Snell et al.t Results of both tests were in essen- 
tial agreement. In every case both the amounts and the per- 
centages of pantothenic acid in tissues from the deficient group 
were decidedly lower than in those from the sufficient group. 
With spinal cord, brain, leg muscle, and blood the differences 
exceeded 60 per cent; with liver and kidney deficient tissues con- 
tained about 65 per cent as much pantothenic acid as the control 
tissues. 

Relation between Serum Magnesium Partition and Thyroid 
Gland. By Louis J. Sofper, Edward Grossman, and Harrv 
SoBOTKA. From the Laboratories of the Mount Sinai Hospital, 
New York 

The total magnesium in human blood serum shows but slight 
and insignificant variations in a variety of diseases; however, the 
amount of magnesium in an ultrafiltrate from serum varies con- 

* Jukes, T. H., J. Biol. Chem., 129, 225 (1939). 

t Williams, R. J., et al., J. Am. Chem. Soc., 60, 2719 (1938); Biochem. J., 
28, 1887 (1934). 

f Snell, E. E., et al, J. Bad, 38, 293 (1939); Biochem. J., 31, 1789 (1937). 
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siderably. Pereas normally 80 to 95 per cent of the total 
magnesium is not bound by the colloidal constituents of the 
serum, this figure regularly drops below 80 to values as low as 40 
per cent in untreated cases of Graves’ disease; on the other band 
in miTcedema the magnesium is completely filtrable. Administra- 
tion of iodine as well as th3Toidectomy alters the level of ultra- 
filtrable magnesium. 

The values of total and filtrable magnesium in a number of 
warm- and cold-blooded species have been established as a basis 
for the investigation of the effect of thj'roid and pituitary prepara- 
tions on the magnesium partition. 

Ketosis Caused by Overdoses of Insulin. By Micfi.A.EL Somogyi. 

From the Laboratory of the Jewish Hospital of St. Louis, St. 

Louis 

Insulin can exert two opposite effects upon ketosis. After injec- 
tion it first lowers the ketonemic level; if, however, it suffices to 
cause protracted hj-poglycemia, ketonemia eventually rises 
appreciablj’’ above the pre-insulin levels. The phenomenon occurs 
in healthy as well as in diabetic indhdduals; in the latter, on a 
greatly magnified scale. 

With Hubbard’s method, the only reliable micrometbod avail- 
able, we found in healthy men 30 to 50 per cent increases of 
ketonemia several hours after injecting 12 units of ins ulin . A 20 
to 30 per cent drop preceded the rise. 

Similar observations were made on non-diabetic patients who 
were treated for dementia precox with massive doses of insulin. 
Increases in ketonemia up to 200 per cent above the pre-insulin 
levels were found. 

The phenomenon was first observed in unstable diabetics; subse- 
quently it was experimentally produced in well regulated patients, 
who in the past had been quite unstable. Their diets before and 
during the experiments contained over 300 gm. of available carbo- 
hydrate, of which 0 to 15 gm. was lost in the urine in 24 hours. 
Their insulin dosage was about 20 units per day. After a period 
of preliminary obsen’'ation the insulin dose before the evening meal 
was increased by 6 units; this caused hypoglycemias between 10 
p.m. and 3 a.m., invariably entailing substantial degrees of 
hyperketonemia and ketonuria during the following morning. 
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Lipid Metabolism in Brain and Other Tissues of the Adult Rat. 
By Wareen M. Sperry and Heinrich Waelsch. From the 
Department of Biochemistry, New York State Psychiatric Insti- 
tute and Hospital, and the Departments of Biochemistry and 
Neurology, College of Physicians and Surgeons, Cohnnhia 
University, New York 

The concentration of deuterium was determined in the un- 
saponifiable lipids and fatty acids of the brain, liver, intestine, 
and remaining carcass of adult male rats at varying intervals (o) 
after administration of a single, small dose of deuterium-labeled 
fat or (h) after enrichment of the body water with deuterium. 
With procedure (a) traces at the most of labeled fatty acids were 
found in brain. The highest concentrations were in liver and 
intestine. A large but variable proportion of the total amount 
given was in the depot fat. 

With procedure (b) the concentration of deuterium in brain 
unsaponifiable material was small, while that of all other tissues 
was large. In brain fatty acids on the other hand the concen- 
tration was comparable with that found in the depots, and in- 
dicated that as much as one-fifth may be replaced in a week. 
From the large concentrations of deuterium found in the liver 
fatty acids it was estimated that they may all be replaced within 
4 days (the shortest period studied). The concentration in the 
liver unsaponifiable fraction was on the average less than that of 
the carcass and no greater than that of the intestine. Thus the 
liver does not appear to have the same dominant role in the metab- 
olism of unsaponifiable substances as it does in fatty acid metab- 
olism. Large concentrations of deuterium in both the unsaponi- 
fiable and fatty acid fractions of the intestine direct attention 
to this organ as an active participant in endogenous lipid metab- 
olism. 

X-Ray Analysis of Protein Denaturation.* By Mona Spiegel- 
Adole and George C. Henny. From the Department oj 
Colloid Chemistry, D. J. McCarthy Foundation, and the Depart- 
ment of Physics, Temple University School of Medicine, 
Philadelphia 

Significant physicochemical differences in serum albumin de- 

* Aided by a grant from the Committee on Radiation of the National 
Research Council to Mona Spiegel-Adolf. 
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natured by heat aud short wave light have been established before 
(Spiegel-Adolf). x-Ray diffraction analysis seems particularly 
useful for the further elucidation of these problems as an inter- 
ference through changes in solubility and dispersion is excluded. 

Electrolyte-free samples of 1 per cent serum albumih solutions 
were submitted either to a 15 minute boiling or to 4 to 6 hours 
irradiation with the arc of a mercuiy quartz lamp, while the 
temperature did not rise above 29°. The precipitates were 
washed and dried in a vacuum over PiOs . No appreciable chan ges 
in the N content of either the heat-denatured or the light-de- 
natured protein were obsen'cd. 

The x-ray diffraction patterns of these preparations were studied 
by the help of the photoelectric microdensitometer of Spiegel- 
Adolf and Peckham. The relative light transmission graphs 
indicate that for normal as well as for the denatured proteins the 
main spacings are identical. The corresponding graph of the 
light-denatured protein is uniformly lower than the one of the 
normal product. The graph of the heat-denatured protein comes 
between these two. But the heat-denatured protein shows three 
distinct additional rings at distances corresponding to planar 
spacings of 4.02, 3.73, and 3.49 A. similar to the one additional 
ring described by Astbury and Lomax. Treatment of the 
heat-denatured protein with NaOH restores the x-ray diffraction 
pattern of the latter to the original shape. Nevertheless the 
increased light transmission of the diffraction film of the NaOH- 
treated heat-denatured serum albumin seems to preclude a ca.se of 
complete reversal of heat denaturation. 

X-Ray Analysis of Tuberculin Proteins.* By jSIona Spiegeu- 
AnoLF, Florence B. Seibert, and George C. Henny. From 
ihe Deparimeni of Colloid Chemislry, D. J. McCarthy Foundation, 
Temple University School of Medicine, the Henry Phipps 
Instiiide, University of Pennsylvania, and the Department of 
Physics, Temple University School of Medicine, Philadelphia 
The importance of x-ray analysis for the elucidation of protein 
structure seems to warrant the use of this method in biologically 
active material. The products used and their chemical and 
physicochemical properties have been described by Seibert. The 
x-ray diffraction apparatus and technique used have been reported 
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by Spiegel-Adolf and Henny. The x-ray diffraction patterns of 
twelve different tuberculin proteins can be divided into three 
groups. 

The presence of phosphate salts with the protein is not evident 
in the characteristic diffraction lines when the salt concentration 
is 5 per cent of the total mixture, but becomes evident when it 
reaches 14 per cent. 

Nucleic acid contamination of the tuberculin proteins has been 
described by Spiegel-Adolf and Seibert. In cases in which the 
nucleic acid content reaches 17 per cent the diffraction pattern is 
markedly different from the pure samples and the nucleic acid 
pattern becomes evident. After removal of the nucleic acid from 
the tuberculin proteins the diffraction pattern becomes very 
similar to the ones of the pure products. 

The tuberculin proteins give x-ray diffraction patterns very 
much like the ones of the serum proteins. Differences seem to 
exist in the diameters of the largest diffraction ring of the various 
tuberculin preparations. In addition there are differences in the 
width and the sharpness of the diffraction rings which seem to 
indicate variations in denaturation and polymerization. 

The Fatty Acid Metabolism of the Liver of the Diabetic Cat. By 

William C. Stadie, John A. Zapp, Jr., and Francis D. W. 

Lijkens. From the Department of Research Medicine and the 

George S. Cox Research Institute, University of Pennsylvania, 

Philadelphia 

According to the Knoop hypothesis, jS-oxidation of fatty acid 
chains in the liver of the diabetic stops at the 4-carbon stage with 
the resultant formation of large amounts of ketone bodies and 
acetic acid. We have previously given evidence* to show that 
fatty acids are oxidized by the liver of the diabetic cat by multiple 
alternate oxidation; accordingly, no acetic acid is formed. In 
further experiments, using a method capable of determining 1 
(0.060 mg.), we have been unable to demonstrate, under a variety 
of conditions, any formation of steam-volatile (acetic or formic) 
acid by liver slices of diabetic cats. We used diabetic cats m 
which the initially high hepatic ketone formation had been reduced 

* Stadie, W. C., Zapp, J. A., Jr., and Lukens, F. D. W.,J.Biol. Chem., 
132 , 423 ( 1940 ). 
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to low levels by intensive treatment with insulin in a period 2 to 
3 hours before the preparation of the liver slices. 

The experiments show that the prior insulin treatment tended 
to restore the fatty acid metabolism toward normal, as indicated 
by a diminished hepatic ketone formation. Nevertheless, there 
was no demonstrable formation of acetic acid. Likenise, in 
experiments with media containing fructose and fructose + insulin 
we found no acetic acid formation. 

We conclude that the effect of insulin upon the fatty acid 
metabolism of the diabetic liver is to direct it along some pathway 
of partial o.xidation not involving the formation of acetic (or 
formic) acid. 

Effect of Pancreatectomy on the Oxygen Uptake of Pigeon Muscle 
and Its Sensitivity to Insulin. By F. J. Stare and C. A. 
Baum.ann. From the Cancer Research. Laboralonj and ihe 
Department of Biochemistry, University of Wisconsin, Madison 
A marked difference was obserr^ed between the muscles of 
normal and depancreatized pigeons, both in the oxygen uptakes 
and the sensitivity to insulin. Insulin added to normal breast 
muscle in vitro increased respiration 20 per cent either in the 
presence or absence of other supplements. The sensitivity to 
insulin was increased to 70 per cent by removal of the pancreas. 
The optimum response was obtained 2 to 4 weeks after pan- 
createctomy. Insulin preparations inactivated by heat or alkali 
failed to stimulate muscle respiration. 

Cocarboxylase increased the respiration of muscle from de- 
pancreatized pigeons; with muscle from normal pigeons an increase 
with cocarboxylase was observed only in the presence of other 
substances. 

Glutamic acid, like certain other di(tri)-carboxyIic acids, stimu- 
lated muscle respiration catalytically, and could replace these acids 
in sensitizing muscle to insulin in vitro. 

Modes of Combination of Acids and Ions with Wool Protein. By 
Jacinto Steinhaedt and Mu-ton Harris. From the Research 
Laboratory of the Textile Foundation al the National Bureau of 
Standards, Washington 

Previously reported experiments with HCl have indicated that 
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in combining with hydrogen ions, insoluble proteins such as wool 
keratin also form partially dissociated stoichiometric complexes 
with negative ions. This interpretation is now confirmed by 
titration curves obtained with other strong acids. Since the 
position of the curve for each acid with respect to the pH co- 
ordinate differs, the titration equilibrium is not determined by 
hydrogen ion dissociation constants alone. Measurements of the 
amounts of each of two acids taken up from mixtures support this 
conclusion, which may furnish a basis for understanding speciSc 
effects hitherto observed in kinetic and electrophoretic studies 
involving proteins. 

Carboxylic acids differ from all others studied in that the 
amounts combined increase with increasing concentration wdthout 
apparent limit. Much larger amounts of acetic, formic, glycolic, 
monochloroacetic, and dichloroacetic acids are bound than of HCl 
at any pH at which appreciable concentrations (> 0.01 m) of the 
weak acid are present; this difference is greater the weaker the acid. 
The relation between amounts combined and amounts present is 
quantitatively described by assuming that, in addition to the 
ordinary acid-base equilibrium, part of the water of hydration 
of the protein is displaced by undissociated acid, in accordance 
with a simple partition law. Experiments with buffers in which 
the acid concentrations have been widely varied at a fixed pH 
support this assumption. By determining partition constants 
for a number of acids, large effects on the affinity of acid for protein 
of such factors as molecular size and specific substituents have been 
demonstrated. 

Homocystine in Relation to the Synthesis of Mercapturic Acids. 

By Jakob A. Stekol. From the Department of Chemistry, 

Fordham University, New York 

In continuation of our work on the synthesis of mercapturic 
acids in animals, the r61e of homocystine in relation to the de- 
toxication of bromobenzene and naphthalene in the rat was 
investigated. 

Growing rats maintained on a 6 per cent casein diet ceased grow- 
ing when bromobenzene or naphthalene was fed with the diet, 
and resumed growing when the bromobenzene or naphthalene diet 
was supplemented with homocystine. Rats fed daily a constant 



Society of Biological Chemists xcix 


amount of low casein diet supplemented u-ith bromobenzene 
excreted just as much mercapturic acid as when homocystine 
was supplied to the same rats fed the same amount of diet, dl- 
Methionine or f-c 3 ^stine, on the other hand, augmented the sjmthe- 
sis of the mercapturic acid. 

These preliminarj" studies seem to indicate that the promotion 
of the growth of rats bj' homocystinc on a diet containing brorao- 
benzene or naphthalene is not necessarily an indication that 
homocystine augmented the detoxication processes to yield the 
corresponding mercapturic acids. 

On the Pasteur Enzyme in Retina. Bt Kurt G. Sterk, Joseph 
L. Melnick, and Delafield DuBois. From the Laboratory 
of Physiological Chemistry, Yale University School of Medicine, 
New Haven 

Pasteur discovered in 1861 that j'east fermentation is smaller 
in air than in carbon dioxide. In 1926, Warburg defined the 
Pasteur reaction as the inhibition of fermentation bj' respiration. 
However, Lipmann, Kempner, Laser, and others have shown that 
respiration and aerobic fermentation are independent processes 
and that the oxygen tension rather than the respiration is responsi- 
ble for the phenomenon observed by Pasteur. The inability of 
oxygen to affect the fermentation in cell-free extracts indicates 
that in the cell there exists a substance which catalj'zes the reac- 
tion between oxygen and the fermentation system. For this 
catalj'st the name Pasteur enzyme is herewith proposed. 

The enzyme may be electively inhibited by ethjd isocyanide 
(Warburg), by a lowering of the oxygen tension, and bj' suitable 
concentrations of CO; the latter inhibition is reversibly relieved 
by light (Laser). 

The photochemical absorption spectrum of the CO compound 
of the Pasteur enzyme in rat retina shows a pattern similar to 
that of the respiratory ferment in yeast or in Acelohacter. How- 
ever, the Y band in the blue shows a red shift of about 100 A. and 
the a band in the yellow shows a blue shift of about 140 A. relative 
to the bands of the respiratory ferment. 

The Pasteur enzyme in retina appears to he a pheohemin protein 
like the respiratory enzyme in yeast or Acetobacter. It differs from 
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it with respect to its affinity for CO and Oz as well as the position oj 
the absorption hands of the CO compound. 

Ascorbic Acid Oxidase. Bit Elmer Stotz. From the Biochemical 
Laboratory of the McLean Hospital, Waverley, MassachuseKs, 
and the Department of Biological Chemistry, Harvard Medical 
School, Boston 

The activity of the copper-protein compound in cucumbers 
responsible for the aerobic oxidation of ascorbic acid can be 
measured manometrically at pH 6.0 (optimum pH) in the presence 
of glycine. The latter substance effectively inhibits the catalytic 
effect of inorganic copper impurities without affecting the activity 
of the enzyme. A unit of enzyme has been defined as the amount 
of enzyme which produces a rate of 100 c.mm. of O2 per hour under 
specified conditions. The enzyme activity has been raised from 5 
to 10 units per mg. of dry weight (crude cucumber extract) to 
approximately 850 units per mg. of dry weight, cucumber juice 
having been found to be the most active starting material. The 
procedure thus far involves water extraction, BaAc2 clarification, 
(NH4)2S04 precipitation, fractional heat denaturation, dialysis, 
and (NH4)2S04 fractionation. The activity of the enzyme is 
completely inhibited by small concentrations of Na diethyl dithio- 
carbamate and cyanide, and the final product contains 0.25 per 
cent Cu. 

Isolation of 7-Aminobutyric Acid from Liver. By Yellapra- 
GAD A SuBB AROW AND George H. Hitchings. From the Depart- 
ment of Biological Chemistry, Harvard Medical School, Boston 
In the course of concentrating a fraction of the liver which is 
active in promoting growth of rats, 7-aminobutyric acid, a homo- 
logue of /S-alanine, has been isolated. The procedures involved in 
its isolation will be described. 

A Colorimetric Test for Methionine. By M. X. Sullivan and 
Timothy E. McCarthy. From the Graduate School of Chem- 
istry, Georgetown University, Washington 
When 0.3 to 1.0 cc. of 4 per cent aqueous solution of sodium 
^Jnitroprusside is added to 5 cc. of a solution of methionine contain- 
ing 0.2 mg. of methionine per cc. of water or 0.1 N HCl and the 
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solution is made alkaline with NaOH a yellow color de\ elops. 
When acidified after 5 minutes standing, the color becomes 
strikingly red. Of the ordinary amino acids, histidine alone 
gives a red color on acidification. The other amino acids, cystine, 
cysteine, gb'cine, alanine, tyrosine, tiy^ptophane, valine, arginine, 
etc., jdeld only a slight yellow color under this procedure. With 
acidification by mineral acids in the cold, creatine, creatinine, and 
various guanidines are negative. The interference by histidine 
can be eradicated in a number of ways, some of which vdll be 
detailed. The quantitative application of the reaction to the 
determination of methionine in proteins is in progress. 

Distribution of Water and Serum Electrolytes in Experimental 
Diabetes Mellitus. By F. Willi.vm Sunderm.a.n' and F. C. 
Dohan. From the Department of Research Medicine, Pepper 
Laboratory, and Cox Institute, University of Pennsylvania, 
Philadelphia 

Measurements of serum volume, extracellular fluid, and concen- 
trations of serum components were made in depancreatized dogs 
that had been permitted to go into ketosis following the •withdrawal 
of insulin. Since the depancreatized animals suffered marked 
reduction in body weight, for comparison similar measurements 
were made following ketosis from simple fasting. 

In the depancreatized dogs the average serum volume calculated 
in relation to the body ■weight ■was approximately 29 per cent 
greater during ketosis than during the control period, although 
the total serum volume was approximately 10 per cent less during 
ketosis than during the control period. In ketosis from fasting 
the total serum volume was decreased in proportion to the reduc- 
tion in ■weight and ■within the limits of error of the measurements 
the serum volume in relation to body 'W'eight ■was unchanged. 

The actual quantities of total base, chloride, bicarbonate, and 
protein in the circulating serum ■were decreased during ketosis in 
the depancreatized animals, although the amounts of these com- 
ponents, ■with the exception of bicarbonate, ■when expressed in 
relation to body ■weight were all increased. 

The studies suggest that the dehydration obseia'^ed in experi- 
mental diabetes mellitus induced by pancreatectomy in dogs is 
not made at the expense of serum volume or of the extracellular 
fluids but rather of the intracellular fluids. 
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The Structure of Sphingomyelin. By S. J. Thannhauser and 
Max Reichel. From the Medical Clinic of the Boston Dis- 
pensary and Tufts College Medical School, Boston 
Sphingomyelins have been considered, according to the struc- 
tural formula of Levene, as cholinephosphoric acid esters of 
sphingosine in which one hydroxyl group is free and the amino 
group is combined interchangeably with lignoceric, stearic, or 
palmitic acid. 

The natural sphingomyelin occurring in brain, liver, spleen, and 
other organs is supposed to be a mixture of such substances, 
lignoceryl-, stearyl-, and palmitylsphingomyelin, with a free 
hydroxyl group on the sphingosine radical. 

The enzymatic hydrolysis of sphingomyelin (spleen) with liver 
enzyme and purified pancreas lipase yielded the follomng. Split- 
ting with liver enzyme resulted in formation of lignocerylsphingo- 
sine, choline, phosphoric acid, and palmitic acid. Hydrolysis with 
pancreatic lipase gave palmitic acid and lignocerylsphingomyelin. 
Saponification with diluted alkali at room temperature yielded the 
same products as in the case of pancreatic lipase. Neither 
palmitylsphingosine nor stearylsphingosine has been isolated in 
any of the above procedures up to now. The yield of lignoceryl- 
sphingosine was in conformity with the presence of mainly one 
ceramide (lignocerylsphingosine) in sphingomyelin molecule 
(spleen). 

Palmitic acid is split from sphingomyelin by pancreatic lipase 
and also by saponification with diluted alkali at room temperature. 
These tw'o procedures do not split lignocerylsphingosine. This 
may be considered proof that the palmitic acid found in the 
sphingomyelin is not present in the form of a ceramide (NH— CO 
linkage) but as fatty acid ester linked to the free hydroxyl group 
of the sphingomyelin molecule. 

Sphingomyelin occurs wth a free hydroxyl group and as a 
sphingomyelin ester. 

Sulfonium Reactions of Methionine. By Gerbit Toennies. 
From the Lanhenau Hospital Research Institute, Philadelphia 
Of the common natural amino acids methionine is, as a mono- 
sulfide, the only one capable of forming sulfonium derivatives: 
R'SR" + R"'X -> R'R"R"'S+ + X- (X = halogen or equiva- 
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lent group). We have obtained cr 3 ’Stalline sulfonium salts by 
letting methyl iodide, methyl bromide, or allyl bromide react 
xsath dl-methionine, or its N-formyl or N-acetyl derivatives, in 
media composed of acetic and formic acid (the corresponding reac- 
tions with halogenacetic acids take place also in aqueous solution), 
remo\dng solvent and excess halide by vacuum distillation, and 
treating the residue with methanol, acetone, or methyl acetate. 

The new reaction appears of threefold interest. First, it 
provides a new hypothetical basis for bioreactions of methionine, 
such as its conversion to cysteine. Second, it opens new possibil- 
ities in the search for a rational procedure for the isolation of 
natural methionine. Third, it offers a new principle for the 
determination of methionine. Theoretical aspects of these three 
approaches are to be discussed and certain experimental results 
to be reported. Among the latter is emdence indicating that in 
proteins, dissolved in formic acid, the methionine grouping is 
available to react with bromoacetic acid, forming the sulfonium 
derivative which can be determined by the bromide ion liberated. 
The reaction is abolished by previous treatment of the formeous 
protein solution with hydrogen peroxide, obviously due to con- 
version of the methio group into the sulfoxide. To judge from 
the complete absence of a reaction between bromoacetic acid and 
glutathione in formic acid, protein thiol groups will not simulate 
methio groups under these conditions. 

The Metabolism of df-Methionine Sulfoxide in the Dog. By 
Robert W. Virtue anb Mildred E. Doster-Virtue. From 
the Department oj Chemistry, University oj Denver, Denver 
Fasting bile fistula dogs were fed 2.8 gm. of cholic acid daily. 
On the 3rd day of the fast an equivalent amount of dZ-methionine 
sulfoxide was administered either orally or subcutaneously in 
addition to the cholic acid. Somewhat less than half the extra 
sulfur arising from the sulfoxide appeared in the sulfate fraction 
of the mine. Increased taurocholic acid excretion in the bile 
indicated that part of the sulfur of dZ-methionine sulfoxide may 
give rise to taurine. 

Gonadotropic-Modifying Sera of Sheep Treated with Sheep 
Pituitary Extract. By Nelson J. Wade and Phtlip A. Katz- 
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MAN. From the Laboratories of Biology and Biological Chemis- 
try, St. Louis University School of Medicine, St. Louis 
We have previously reported that the serum obtained from sheep 
which had been injected for a year with sheep pituitary extract 
continued to possess progonadotropic activity toward this extract 
in immature female rats. No evidence of inhibitory activity was 
obtained. 

The present report contains the data obtained from the treat- 
ment of two sheep for an additional 7 months. 

The sera of these animals after more than a year of the chronic 
injections first lost the property of augmenting the action of sheep 
pituitary extract on the rat’s ovaries but retained the capacity to 
augment the uterine weight. This was followed by the loss of 
the progonadotropic effect as measured by both ovarian and 
uterine responses. The action of these sera was affected by the 
quantity of serum administered. Large amounts of serum of 
either animal produced a slight inhibition, whereas small quantities 
of the same serum of one of the sheep were augmentative. Salting- 
out with Na2S04 has not separated progonadotropic or anti- 
gonadotropic activity in any of the serum protein fractions. 

The progonadotropic action of the serum of sheep treated with 
sheep pituitary extract is manifested in hypophysectomized as 
well as in normal female rats. This rules out the participation of 
the assay animal’s hypophysis in this phenomenon. The pro- 
gonadotropic activity can also be demonstrated in immature male 
rats. The failure of the serum per se to exert a gonadotropic 
effect in this animal indicates that the progonadotropic response 
is not due to luteinizing hormone. 

The Metabolism of Glutathione Studied with By Heinrich 
Waelsch and D. Rittenberg. From the Department of 
Biochemistry, New York State Psychiatric Institute and Hos- 
pital, and the Departments of Neurology and Biochemistnj, 
College of Physicians and Surgeons, Columbia University, New 
York 

The three amino acids of glutathione (GSH) are the same as 
are used by the mammalian organism for conjugation with com- 
pounds other than amino acids (formation of bile acids, 
detoxication). If GSH functions as amino acid donor for such 
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conjugations, the replacement of its amino acids must be fast. 
The rate of turnover of GSH was investigated nith glycine 
marked \\ith 

A method is described for the isolation of GSH as the copper 
compound from single organs of rats and rabbits. From liver 
the yields (ma.Kimum 101 mg. from a rabbit liver) averaged 60 per 
cent of the value obtained by iodine titration. When rats were 
given 75 mg. of marked glycine, the GSH isolated from the liver 
after 2 and 5 hours contained a concentration of isotope 
corresponding to 9 and 8 per cent of that in the administered 
glycine. Under the assumption that all isotope was in the glycine 
moiety of the GSH, about one-fourth of its glycine was derived 
from the administered amino acid. By contrast only about one- 
sbctieth of the glycine of the liver proteins came from administered 
glycine. The distribution of in GSH is being established by 
isolation and analysis of the components of the liver GSH. 

The rapid turnover of GSH may be the first indication that 
peptides and particularly GSH are intermediates in transferring 
amino acids in protein metabolism. 

Lipid Metabolism in Brain during Myelination. Bx Heik- 
RICH Waelsch akd W.vrren M. Sperry. From the Depart- 
ment of Biochemistry, New York Slate Psychiatric Institute and 
Hospital, and the Departments of Neurology and Biochemistry, 
College of Physicians and Surgeons, Columbia University, New 
York 

The deposition of lipids in the rat brain was studied during 
myelination. Heavy water was injected into mother rats and 
their young at 15, 26, and 36 days after birth and the drinking 
water was enriched with deuterium. The heavy water rdgime 
was continued for 4 days, after which the deuterium content of 
the unsaponifiable lipids and fatty acids of brain, liver, intestine, 
and remaining carcass of the mother rats and their j'oung was 
determined. 

Unsaponifiable lipids and fatty acids are deposited in brain at 
a rapid rate from the 15th to 19th day of extrauterine life. The 
rate is considerably less from the 26th to the 30th day, and still 
loner from the 36th to the 40th day. If allowance is made for 
turnover comparable with that found in adult rats, no marked 
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differences in the rates of deposit of the unsaponifiable and fatty 
acid fractions are evident. 

The data indicate that lipids deposited between the 15th and 
19th day of life are synthesized in the brain itself. 

The relationships among rates of lipid metabolism in the liver, 
intestine, and remaining carcass were in general the same as were 
found in adult rats, but in most instances the deuterium uptake 
was considerably higher in the young than in the adult rats. 

Determinations on mother rats agreed closely on most points 
with the findings in adult male rats.* 

Effect of Cysteine on Ascarids. By A. Walti. From the Re- 
search Laboratories of Merch and Company, Inc., Rahway, New 
Jersey 

When living ascarids are placed in contact with a proteolytic 
enzyme of the ficin type, the worms are digested. 

It was observed that this digestive property of the proteolytic 
enzyme is greatly increased by the presence of cysteine. Thus, 
3 to 7 times the amount of commercial papain is necessary to 
produce the same digestive effects on helminths as when cysteine 
is added as an activator. Similar results were observed with 
bromelin. 

The cysteine used in these experiments had no effect on the 
ascarids in the amounts used, as shown by control e.xperiments. 
However, when the amount of cysteine was increased several fold 
and the time of interaction lengthened from the customary 2.5 
to 18 hours, marked effects on the ascarids were observed which 
resembled some stage in the enzymatic digestion of the helminths. 
Alanine was used as a control in parallel experiments. 

A Disturbed Carbohydrate Metabolism in Rats Maintained More 
Than a Year on a Fat-Deficient Diet. By Laurence G. 
Wesson. From the Forsyth Dental Infirmary, Boston 
By the use of an improved, fat-deficient diet, rats were obtained 
that were less emaciated and that lived longer than on the fat- 
deficient diets previously used. Glucose tolerance and dextrin 
R.Q. tests indicated a disturbed carbohydrate metabolism after 12 
to 15 months on this diet. These tests, some of them carried out 

• See accompanying abstract by Sperry and Waelsoh. 
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■with and ■without the administration of insulin and ■with and with- 
out the addition of small amounts of a natural fat to the diet, 
indicate that possibly this disturbance is caused by the simultane- 
ous lack of a carbohydrate metabolism factor of natural fats and 
a disturbance in the functioning of the pancreatic islets. 

An Improved Microtitration Method for the Determination of 
Carbon Dioxide in Blood and Other Fluids. By Ed'wa.rd S. 
West, Bert E. Christensen, and Robert E. Rinehart. 
From the Department of Biochemistry, University of Oregon 
Medical School, Portland 

Christensen has de^vised an apparatus and method for the 
microdetermination of carbon and hydrogen in organic compounds 
by a wet combustion process in ■which the carbon dioxide evolved 
from the reaction chamber is aspirated into an evacuated fiask 
containing standard barium hydroxide. The procedure has been 
adapted to the determination of carbon dioxide in blood and other 
fluids. The apparatus is easily constructed, simple to operate, 
and yields results comparable to those obtained by the Van Slyke 
manometric method. 

Effect of the Oral Administration of Benzp 3 nrene on the Growth 
of the Rat Ingesting a Diet Low in Lysine. By J uuijs White. 
From the National Cancer Institute, United Stales Public Health 
Service, Bethesda, Maryland 

It has been previously showm that the oral administration of 
benzpyrene to young growing rats on a relative low protein basal 
diet, resulted in a retardation of growth. Furthermore the addi- 
tion of f-cystine or df-methionine to the diet still containing the 
hydrocarbon resulted in a stimulation in growth. It appeared 
therefore that the growth-inhibitory substance exerted its effects 
by the production of a specific deficiency in the sulfur-containing 
amino acids, probably through the requirements of the organism 
for organic sulfur for detoxication mechanisms in the form of 
cystine and methionine. In order to determine whether other 
essential amino acids could detoxify ingested carcinogens, young 
growing rats were placed on a diet low in lysine but adequate for 
normal growth. The addition of benzpyrene (110 mg. per 100 
gm. of diet) produced a marked retardation in growth. The 
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effect of the addition of lysine, cystine, or methionine to the diet 
containing the hydrocarbon on the growth of the rat wll be 
presented. 

Effect of the Oral Administration of Dimethylaminoazobenzene 
(Butter Yellow) on the Growth of the Rat. By Julius White. 
From the National Cancer Institute, United States Public Health 
Service, Bethesda, Maryland 

The growth-inhibiting effect produced by the oral administra- 
tion of dimethylaminoazobenzene has been demonstrated on young 
growing rats by the incorporation of the dye in a relatively low 
protein basal diet. The addition of 60 mg. of the butter yellow 
to 100 gm. of basal diet resulted in a change in growth rate from 
an average of 1.4 to 2.0 on the basal diet alone to an average of 
0.3 to 0.6 gm. The addition of either 1-cystine (500 mg.) or 
dl-methionine (500 mg.) to each 100 gm. of basal diet still contain- 
ing the hydrocarbon resulted in a stimulation of growth vdth a 
subsequent daily weight increase which approximated that 
observed in rats ingesting the basal diet alone. On the other hand, 
supplements of either glycine, taurine, or sodium sulfate did not 
stimulate growth when these substances were added to a diet 
containing the butter yellow. The effect of the addition of lysine 
to the diet containing the dye will be discussed. 
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(Received for publication, November 29, 1939) 

In recent studies (6, 7), the thermal inactivation of unpurified 
tobacco mosaic ■vdrus was shown to follow the course of a first 
order reaction. However, dilution of the plant juice containing 
the virus was found to result in an increase in the reaction rate. 
Moreover, the thermal inactivation point of this xmpurified virus 
was observed to be between 90° and 93°, in contrast with the ther- 
mal inactivation point of about 75° reported for the purified 
vdrus by Stanley and Loring (9). In view of these observations, 
it was thought desirable to study the kinetics of the heat dena- 
tmation of purified virus under relatively well controlled con- 
ditions in order to learn whether or not there is any relationship 
between the inactivation and denaturation phenomena and to 
find, if possible, explanations of some of the observations just 
mentioned. 


EXPEEIMENTAL 

jyiscussion of Experimental Method — Most of the experiments 
reported were carried out on an old sample of virus purified by 
ammonium sulfate precipitation (8). In two experiments, a 
fresh sample of virus purified by differential centrifugation (11) 
was used. Except when otherwise designated, a few ml. of a 
cold concentrated solution of virus dissolved in 0.1 m phosphate 
buffer were added to at least 3 times their vmlume of hot 0.1 m 
phosphate buffer solution at the same pH value in a large test- 
tube immersed in a water bath held at the desired temperature, 
±0.2°. The virus solution in the bath was stirred constantly 
by mechanical means. The stirring and the adding of the virus 
to hot buffer were resorted to in order to reduce the time required 
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by the virus to reach the temperature of the bath. Samples 
were withdrawn from the tube periodically by means of a pipette 
and were immediately cooled by immersing in ice water. In a 
few tests, the virus was heated without agitation in a number of 
small tightly stoppered test-tubes immersed in the water bath or 
stored in oil baths in constant temperature ovens. Periodically 
ojio tube from each batch was cooled as described above. Under 
the conditions obtaining in this study, the denatured virus pre- 
cipitates, even before cooling, in moderately large amorphous 
particles. This material was separated from the remaining sol- 
uble protein by spinning for a few minutes in a laboratory cen- 
trifuge. The concentration of the soluble material was then 
determined by the micro-Kjeldahl method. ^ 

In addition to the errors inherent in the micro-Kjeldahl method, 
several limitations are encountered in determinations of this sort. 
A brief period is required for the virus in hot buffer to attain the 
temperature of the bath. Vigorous stirring of both the reacting 
solution and the bath tends to decrease this lag. Its effect be- 
comes negligible if the first sample is withdrawn after the equilib- 
rium temperature has been reached and if the initial virus concen- 
tration is ignored in calculations of the rate of the reaction. A 
second source of error is a consequence of the relatively high tem- 
perature coefficient of the denaturation reaction. Minor fluc- 
tuations in temperature may result in appreciable error. At the 
higher temperatures, the reaction proceeds so rapidly that samples 
must be taken at time intervals only slightly longer than the time 
required for the sampling process. Obviously, serious errors may 
result in this case. A third error should be expected in light of 
the finding of BaAvden and Pirie (1) and of Stanley and Loring 
(9) that nucleic acid is split off from the virus upon heat denatura- 
tion. 

Under the conditions of denaturation obtaining in this study it 
was found that essentially all of the carbohydrate, as measured by 
the orcinol method, remains soluble upon denaturation of about 
90 per cent of the virus. From this observation it may be in- 
ferred that all or most of the nucleic acid of the denatured virus 
has remained in the supernatant liquid. The Kjeldahl method 

’ The authors wish to acknowledge the assistance of Mr. Martin Hanig, 
who performed the analyses reported in this paper. 
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should be expected, therefore, to give values for the protein con- 
centration of the supernatant liquid which are somewhat too 
high. The error should progress from 0 at the beginning of the 
denaturation to the order of 50 per cent when the reaction has 
reached 90 per cent completion. It is possible to correct the 
experimental data by using the following equation, C = {Ci—bCo,)/ 
(1 - b), where C is the actual concentration of \'irus protein 
in the supernatant liquid, Ci is the measured protein concen- 
tration, Co is the initial concentration of the -^drus, and b is the 
fraction of the total nitrogen of the \'irus present in the nucleic 
acid. In the experiments here reported, Co has an approximate 
value of 6 mg. per ml. in most cases, and 3 mg. per ml. in the 
remaining cases. According to Loring (4), tobacco mosaic virus 
contains about 5.2 per cent nucleic acid which has a nitrogen 
content of about 15.1 per cent. The factor b then becomes 
(5.2 X 15.1)/(100 X 16.6) = 0.047. Although it can be shown 
mathematically that, if the reactions are allowed to proceed only 
to about 80 per cent of completion, no serious error can result in 
the estimates of the reaction velocity constants due to the nucleic 
acid accumulation, the error does make it more difficult to decide 
upon the order of the reaction. Especially for this latter reason, 
the data reported in this paper are all corrected by means of the 
equation described above. 

Presentalion of Data — ^The results of eighteen denaturation ex- 
periments on purified tobacco mosaic virus carried out as described 
previously are summarized in Table I. All experiments were 
done with old, chemically purified viruses, except Experiments 
17 and 18, in which ultracentrifugaHy isolated material was used. 
In Experiments 8, 11, and 16, the virus was heated without avia- 
tion in stoppered tubes instead of in the open tube with stirring. 
The initial concentrations of virus in the reacting solutions were 
about 6 mg. per ml. in most experiments and about 3 mg. per ml. 
in the others. The former are designated as initial dilutions of 
1:1 and the latter as 1:2 in Table I. The pH values reported 
were measured at room temperature by means of a electrode 
on solutions prepared in the same manner from the same stock 
solutions as those being heated. The k values reported were 
calculated from the slopes of the straight lines best fitting the 
data when the natural logarithms of the corrected concentrations 
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Table I 

Heal Dcnaluralion of Tobacco Mosaic Virus under Various Conditions 


Experi- 

ment 

No. 

Tem- 

pera- 

ture 

Initial 

dilu- 

tion 

pH at 
room 
temper- 

Time 

Concentration 
of soluble 
protein 

k (6rst order) 

aturo 


Meas- 

ured 

Cor- 

rected 



°C. 



mtn. 

mo» 
per ml. 

mff, 
per ml. 


1 

67 

1:1 

7.05 

10 

6.24 

6.24 

0.00424 ± 0.00015 





20 

6.04 

6.04 






32 

5.74 

5.73 






40 

5.45 

5.42 






50 

5.35 

5.32 






60 

5.14 

5.10 






70 

4.88 

4.82 






80 

4.72 

4.66 


2 

69 

1:1 

7.05 

15 

5.23 

5.19 

0.00874 ± 0.00013 





30 

4.52 

4.45 






45 

3.95 

3.74 






60 

3.51 

3.39 






75 

3.14 

3.00 






90 

2.83 

2.68 


3 

71 

1:1 

7.05 

3 

5.74 

5.74 

0.0472 ± 0.0016 





6 

4.72 

4.66 




j 


9 

4.37 

4.29 






12 

3.76 

3.65 






15 

3.43 

3.30 






18 

2.87 

2.72 




1 


21 

2.50 

2.33 






24 

2.31 

2.13 


4 

73 

1:1 

7.05 

3 

4.44 

4.37 

0.198 ±0.003 





6 

2.63 

2.46 






9 

1.59 

1.37 






12 

0.98 

0.73 


5 

73 

1:1 

7.05 

1 

5.80 

5.78 

0.171 ±0.001 





2 

5.20 

5.16 






3 

4.05 

3.96 






4 

3.82 

3.72 






5 

3.55 

3.43 






6 

2.80 

2.64 






8 

1.86 

1.66 


6 

74 

1:1 

7.05 

2 

4.66 

4.60 

0.311 





4 

2.97 

2.82 






6 

1.86 

1.66 






8 

0.94 

0.69 
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Table I — Conlimicd 


Experi- 

ment 

■ 

Tom- 

pera- 

tnitial 
dilu- . 

pH at 
room 
:empcr- 
aturc 

Time 

Concentration 
of soluble 
protein 

it (first order) 

No. 

turc 

tion 







• c . 



tntn. 

r\g. 
per ml. 

mg. 
jxr ml. 


min."* 

7 

76 

1:1 

7.05 

1 

5.06 

5.02 

0.855 






2 

2.63 

2.47 







3 

1.15 

0.91 



8 * 

60 

1:2 

7.05 

460 

2.72 

2.70 

( 6.31 

± 0 . 43 ) X 10 -‘ 





1,440 

2.48 

2.46 







1,880 

2.60 

2.58 







2,860 

2.41 

2.38 







5,750 

1.97 

1.92 







8,600 

1.69 

1.63 



0 

60 

1:2 

7.05 

5 

2.70 

2.68 

0 . 0.351 

± 0.0045 





20 

2.02 

1.97 







35 

1.52 

1.45 







50 

0.67 

0.50 






1 

Go 

0.47 

0.35 



10 

I 71 

1:2 

7.05 

3 

2.46 

2.43 

0.0894 

± 0.0120 





6 

1.86 

1.80 





1 

1 

9 

1.11 

1.02 






1 

12 

1.18 

1.09 







15 

0.84 ’ 

0.73 







18 

0.88 

0.78 

i 






21 

0.51 

0.39 



11 » 

71 

1:2 


0 

3.16 

3.17 

0.0880 






7 

1.75 

1.69 







14 

1.01 

0.91 







21 

0.62 

0.50 



12 

73 

1:2 

7.05 

2 

2.19 

2.15 

0 . 3.52 

± 0.029 





3 

1.52 

1.45 







4 

1.32 

1.24 







5 

0.84 

0.73 







6 

0.64 

0.52 



13 

78 

1:1 


10 

5.20 

5.16 

0.087 






20 

3.62 

3.50 



14 




30 

1.15 

0.91 



79 

1:1 

IBQ 

6 

4.99 

4.98 

0.121 

± 0.018 





i) 

4.55 

4.48 







12 

3.64 

3.52 







15 

2.87 

2.72 







18 

1.48 

1.26 



— 




21 

1.08 

0.84 
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Table 1— Concluded 


Experi- 

inent 

No. 

Tem- 

pera- 

ture 

! 1 

Initial 
dilu- 
tion 1 

1 

pH at 
room 
temper- 

Time 

Concentration 
of soluble 
protein 

k (first order) 

ature 

1 

Meas- 

ured 

Cor- 

rected 



-c. 



min. 

mg, 
per ml. 

mg, 

per ml. 


IS 

81 

1:1 

6.10 

3 

4.89 

4.84 

0.184 


/ 



6 

3.34 

3.26 






9 

1.92 

1.72 






12 

1.18 

0.94 


16* 

71 

1:1 

5.77 

5,320 

5.70 

5.68 

(1.33 db 0.22) X 10-' 



1 


22,600 

3.54 

3.42 






44,200 

3.37 

3.24 






68,680 

2.70 

2.54 




1 


90,280 

1.75 

1.54 


17t 

69 

1:1 

7.05 

10 

5.52 

5.50 

0.0135 





75 

2.46 

2.28 


18t 

73 

1:1 

7.05 

1 

5.77 

5.75 

0.201 





7 

1.92 

1.72 



* Stoppered tubes, no stirring, 
t Ultracentrifugally isolated virus. 


of imdenatured virus were plotted against the time of the reaction. 
They are, therefore, first order reaction velocity constants ex- 
pressed in units of reciprocal minutes. The justification for 
calculating first order constants tvill be considered presently. 

Order of Reaction — As was shown by Chick and Martin (2), 
the heat denaturation reactions of hemoglobin and egg albumin 
are of the first order. The results of Wu and Ling (10), on 
the other hand, indicate that the surface denaturation reactions of 
methemoglobin and egg albumin are of the zero order. A reac- 
tion of this latter type progresses at a constant rate irrespective 
of the concentration of the reacting material, and it can be de- 
scribed by the simple differential equation, —dCfdt = ko. C is 
the concentration of the undenatured material, t is the time, and 
k is the velocity constant. If the rate of the denaturation at any 
given instant is directly proportional to the concentration of the 
reactant at that instant, the reaction is of the first order and may 
be described by the equation, —dC/dt = kiC. If two protein 
particles must come together and react before they can denature, 
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the process is a second order reaction which can be described by 
the equation —dC/dl = hC-. If three particles must come to- 
gether simultaneously before denaturation can occur, the reac- 
tion is of the third order and may be described by the equation, 
—dC/dl = kiC^. WHien these four equations are integrated, 
they may be written as follows: zero order, C = Co — kot; first 
order, log, C = log, Co - kd; second order, 1/C = 1/Co + 
fcjf; third order, 1/C- = l/Co* + 2ko(. In these equations, 
Co is the initial concentration and t is the time inter\ml from the 
beginning of the reaction. In each of the above equations, some 



Fig. 1. Curves illustrating denaturation rates at several different tem^ 
peratures of purified tobacco mosaic virus in 0.1 m phosphate buffer. 
(Initial concentrations about 6 mg. per ml., pH 7.05.) 

function of the concentration is linearly related to the time, and 
the slope of the fine in each case is a simple multiple of the velocity 
constant. 

It may be seen in Fig. 1 that when log, C is plotted against I 
for the denaturation of the virus at several temperatures, the data 
fit straight lines fairly closely, indicating that heat denaturation 
of the virus may follow the course of a first order reaction. How- 
ever, inasmuch as there is considerable error in each experimental 
point, it is also possible to fit straight lines to the data when 
either C or 1/C is plotted against t. The data allow no doubt 
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that 1/C- is not a linear function of t. Although simple inspec- 
tion reveals that the fit is usually best when log^ C is plotted 
against t, the data have been treated statistically in order that the 
conclusion concerning the order of the reaction may be as sound 
as the data permit. For all the experiments reported in Table I 
in which more than four experimental points have been recorded, 
the best fitting straight lines were determined by the method of 
least squares for the cases in which C, log,, C, and 1/C are con- 
sidered as functions of t. The standard error of estimate was 
then calculated for each line according to the following equation, 
standard error = (2 (F - Y'y)/{{N - 2) 2 (X - y 

Table II 


Comparison of Errors Involved in Filling Denaluralion Data to Zero, First, 
and Second Order Equations 


Exporiaaont No. 

T value 

0 order 

1st order 

.2nd order 

1 

26.26 

29.06 

26.35 

2 

10.65 

21.29 

42.23 

3 

14.52 

29.75 

16.19 

5 

13.01 

12.50 , 

6.34 

8 

12.68 

14.63 

14.60 

9 

11.12 

7.94 

4.40 

10 

5.55 

7.45 

4.57 

12 

8.60 

12.24 

6.15 

14 

1 13.66 

6.89 

, 4.25 

16 

4.39 

6.02 

1 4.63 

1 


is the calculated value of C, log, C, or 1/C as the case may be, 
Y' is the observed value, N is the number of observations, A 
is the mean time, and X is the observed time. The slopes of the 
lines divided by their standard errors are summarized in Table II. 
The greater the magnitude of this statistic, designated here as 
T value, the better is the fit of the data to the straight line in ques- 
tion. It may be seen in Table II that in seven of the ten experi- 
ments thus analyzed the data favor first order over zero order 
equations and in nine of the ten cases first order over second order 
equations. Since there is no good reason to believe that the order 
of the I'eaction should be .different at one temperature from that 
at another, the data taken as a -whole make it appear probable 
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that the denaturation of the \'iruB is a reaction of the first order. 
This probability is enhanced by the fact that there can be no doubt 
that the thermal inactivation of the ^^rus is a reaction of the first 
order (7). Homever, an experiment subjected to more precise 
control was designed specificallj* to judd further information on 
this question. 

The general plan of the experiment parallels that described 
preriously, but it differs from that of the others in that a larger 
volume of protein was used and many more precautions were 
exercised than would have been practical for any considerable 
niunber of tests. The temperature was held at 69.8° ± 0.045°, 
with fluctuations completing one cycle every 40 seconds. Evapo- 
ration from the reacting tube was prevented by placing a laj'er of 
melted paraffin over the surface of the hot material. 5 ml. 
samples were withdrami everj* 14 minutes for the first 196 min- 
utes, and a final sample was taken after 250 minutes. A long 
stainless steel tube, which was allowed to remain in the reacting 
sj-stem, and a 5 ml. hj'podermic syringe were used for the sampling. 
The reaction, in this case, was allowed to proceed to 97 per cent 
completion, greatly increasing the sensitivity of the test for the 
order of the reaction. This was made possible by completely 
ehminating the error due to nucleic acid accumulation in the super- 
natant liquid. Instead of analyzing the supernatant liquids 
directly after the denatured protein was removed, we denatured 
aliquots of them to completion by heating for hour at 100°, 
and the flocculated protein, separated by centrifugation and fil- 
tration, was meoisured by the micro-Kjeldahl method. This 
procedure allows one to detect the amount of soluble protein 
capable of becoming insoluble upon heating, which is, of course, 
e.xactly what is wanted. The results of this experiment are 
shown in Table III. In Fig. 2, log, of the concentration of 
coagulable soluble protein is plotted against time. It is emdent 
that the reaction may be described by the first order equation. 
Accor^g to the method of analysis of the data used in the less 
sensitive experiments, r values for zero, first, and second order 
12.7, 68.6, and 7.6, respectively, were obtained. 

his result is overwhelmingly in favor of the reaction being of the 
first order. 

J^egree of Tteproducihilily — ^The degree of reproducibilitj’' of the 
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Table III 


Heal Denaturation of Tobacco Mosaic Virus {6 Mg. per Ml.) in 0.1 m 
P hosphate Buffer at pH 7 and 69.8° 



Time ill minutes 

Fig. 2. Data of Table III plotted according to a first order equation 
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rate of denaturation of a given virus preparation may be estimated 
by comparing the velocity constants 2.0 X 10 ' and X 10 ' 
calculated for Experiments 4 and 5 (Table I) on chenucally iso- 
lated material at 73° and pH 7.05. The extent to which the 
denaturation rates are independent of the methods of virus prep- 
aration may be judged by comparison of the fc value of Experi- 
ment 17 (13.5 X 10“’ at 69°) with that of Experiment 2 (8.7 
X 10“’ at 69°) and by comparing the h value of Ex-periment 18 
(2.0 X 10“’ at 73°) nith those of Experiments 4 and 5 (2.0 and 
1.7 X 10“S respectively, at 73°). Experiments 17 and 18 were 
conducted with recently ultracentrifugally isolated material, 
and Experiments 2, 4, and 5 with old, chemically purified virus. 
Evidently the rate of heat denaturation is not influenced by the 
differences between chemically and ultracentrifugally purified 
virus, which are reflected by the higher degree of aggregation and 
the lower specific infectmty of the former (5). The effect of 
stirring the reacting material may be seen by comparing the h 
value' 8.9 X 10“’ of Experiment 10, carried out in the usual way, 
mth the value 8.8 X 10“’ of Experiment 11 in which the xdrus 
was denatured without being stirred in several small stoppered 
test-tubes. A true picture of the reproducibility of this dena- 
turation may be gained by examining the points, corresponding 
to the experiments mentioned above, lying near the lower curve of 
Fig. 3. The dimensions of the points on this cur\'e are fair es- 
timates of the error inherent in each determination. From all 
of these comparisons it may be concluded that the rate of de- 
naturation of the virus is a reproducible property of the material. 

Temperature Coefficient — Arrhenius proposed the equation d 
log. k/dT = E/Rr-, where T is the absolute temperature, is a 
constant usually identified as the energy of activation, and R is 
the gas constant. This equation may be integrated and expressed 
in the form, log. h = constant — {E/RT). By plotting log. k 
against 1/T one should obtain a straight line of slope —EJR. 
It may be seen in Fig. 3 that when the logarithms of the k values 
obtained at pH 7.05 are plotted against 1/T the points group 
fairly nicely about two straight lines with essentially equal slopes. 
The upper line is drawn to fit the data for systems whose initial 
concentrations were about 3 mg. per ml. and the lower curv'e is 
drawn to fit data for system-s whose initial concentrations were 
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about 6 mg. per ml. The slope of these curves, —E/R, is equal 
to about —7.65 X 10^, and from this it may be estimated that JE, 
the energy of activation, is about 153,000 calories per mole. 
This value is of the order of magnitude frequently encountered in 
protein denaturations. 

Effect of Dilution — ^By comparing the k value reported in Tabic 
I obtained from Experiment 9 with those obtained from Experi- 
ments 2 and 17, those of Experiments 10 and 11 with that of E.\- 
periment 3, and that of Experiment 12 with those of Experiments 



2,86 2.90 2.94 2.98 3.02 

1/T lO'^ 

Fig. 3. Curves obtained when the velocity constants of the denatura- 
tion of tobacco mosaic virus at pH 7.05 are plotted as functions of absolute 
temperature according to the Arrhenius equation : upper curve for systems 
with initial virus concentration of about 3 mg. per ml.; lower curve for 
systems with initial virus concentration of about 6 mg. per ml. The 
numbers near the points on the curves represent experiment numbers cor- 
responding to those recorded in Table I. 

4, 5, and 18, it may be seen that virus solutions in which the initial 
concentration was about 6 mg. per ml. denature approximately 
half £is fast as those in which the initial virus concentration was 
about 3 mg. per ml. By examination of Fig. 3 it may be seen that 
the straight line fitted by the method of least squares to the data 
for the dilute solutions is displaced from the one fitted to the data 
for the concentrated solutions by approximately log* 2. This in- 
crease in reaction rate upon dilution parallels the similar finding 
for the case of unpurified virus (7). As may be seen in Fig. 2 
of the paper referred to, a 1:20 dilution -with water of the plant 
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juice containing N-irus resulted in approximately ^ ^^old inc^^c 
in the rate of inactivation. Since there is a possibility that sli^ 
changes in pH accompanied the dilution m this attcr case, it - 
impolible to say just bow much of the obscrv'cd increase in vc- 
lodty is actually the effect of lowering the vdrus concentration 
This uncertainty, however, does not obtam in the case of _ - 
purified \'irus. A possible explanation of the inverse relationship 
between initial \arus concentration and reaction rate is that some 
grouping nithin the ^drus is acting as a negative catalyst or an 

inhibitor for the denaturation.- ^ 

Effect of Changing the pH— An examination of Expenments 13, 
14, and 15 (Table I) reveals that at pH 6.10 denaturation takas 
place at a rate comparable to that at pH /.05 only when the 
temperature is 7“ or 8“ higher. A comparison of Experiment 16 
carried out at pH 5.77 at 71° with Experiment 3 carried out at 
pH 7.05 at 71° shows that there is a 3500-fold increase in the rate 
of denaturation at the higher pH over that at the lower one. It 
would appear that the reaction, rate varies inversely with some- 
thing like the third power of the hydrogen ion concentration,’ 
being greater in more alkaline and less in more acid .solution.®. 
In this respect, the virus differs from those proteins which show 
a minimum rate of denaturation at the neutral point. --Vs wa.s 
pointed out pre^'iously, the thermal inactivation point of purified 
virus is about 75°, whereas that of the unpurificd material in 
plant juice is between 90° and 93°. The acidity of expressed 
plant juice is generally about pH 5.5 and the studies on purified 
virus were carried out at acidities near pH 7 (1, 9). In view of 
the findings of the present study, these facts alone could account 

’ This effect of dilution may also be considered in terms of the concept .s 
of absolute reaction velocities (see La Mer (3)). It may be calculated that 
the entropy of activation in initially dilute virus solutions is greater than 
in initially more concentrated solutions. Taking into account such fac- 
tors as ionization would not change the magnitude of the difference in 
entropies of activation. However, the physical significance of this differ- 
ence and Its relationship to initial virus concentration may be, at best, but 
vaguely understood. 

» This result would indicate that a dissociation of protons is one of the 
stages of the activation process, in keeping with the considerations of 
Steinhardt (see La Mer (3)). However, the experiments here reported 
were not designed to yield critical information on this issue, and no quan- 
titative interpretation is warranted. 
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for at least a great part of the difference in stability between 
purified virus and virus in plant juice. 

Nature of Reaction — Denaturation of a protein may be the 
result of a series of reactions. Studies of the sort reported here 
measure only the velocity of the process as a whole, a velocity 
likely to be that of the slowest reaction of a series. Specificalb^, 
in the case under consideration, the velocity of the slowest reac- 
tion in the series which leads to changes sufficient to produce 
precipitates of denatured protein is measured- This reaction is 
not identical with the thermal inactivation of the ■idrus. The 

Table IV 


Infeciivity of Protein Remaining Soluble after Healing 


Tempera- ] 
turo 

1 

Timo 1 
heated 

Soluble 
protein 
remaining . 

Soluble pro- 
tein used for 
inoculation 

No. of 
lesions on 20 
half leaves 

No. of 
lesions on 
opposite 
halves, con- 
trol at 10"* : 
jng. per ml. 

Estimated 
infectivity 
of soluble 
protein 

“C. 1 

1 

tfitn. 

mg. per ml. 

mg, per ml. 

1 

1 

per cent 

69 

10 

5.50 

10-^ 

183 

398 

19 




10-‘ 

557 

404 





10-’ 

■ 1493 

i 184 


69 

75 

t 2.28 

10-‘ 

129 

453 




1 

J0-< 

511 

566 





lO-* 

1176 

, 329 


73 

1 1 

5.75 , 

10“‘ 

233 

1 885 

1 16 

i 


1 

10-< 

805 

566 



1 

1 


lO-’ 

1573 

828 

1 

73 ! 

7 

1.72 

10-* 

82 

592 

4 

1 



10-' 

400 

595 





10-=> 

1062 

713 



data presented in Table IV, which may be identified -with Ex- 
periments 17 and 18 of Table I, were obtained by denaturing the 
virus for short and longer periods of time at two different tem- 
peratures, measuring the concentrations of the soluble protein, 
and comparing the infectivities of these on a concentration basis 
with untreated virus, with the bean as a test plant. Although 
estimates of the infectivity obtained by the method indicated in 
Table IV are not sufficiently accurate to allow calculation of the 
ratios between the rates of inactivation and denaturation, the 
data serve to point out that inactivation is a considerably faster 
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process than denaturation measured by precipitation. In^ all 
likelihood, inactivation of the virus is one of the earlier reactions 
in a series vhich finallj'' leads to denaturation. It apparently is 
not the reaction of limiting velocity. The energi' of activation 
calculated for the denaturation is of the same order of magnitude 
as that calculated for the thermal inactivation at the higher tem- 
peratures (7), indicating that the inactivation is probably due to 
a reaction similar to that which controls the denaturation rate. 

SUMMAnV 

The thermal denaturation of tobacco mosaic virus was found 
to be a readily reproducible phenomenon and was shown to be a 
reaction of the first order. The energy of aetivation of the reac- 
tion in 0.1 M phosphate buffer at pH 7 was calculated to be about 
153,000 calories per mole. The rate of the reaction at a given 
temperature was found to be strongly influenced by changes in 
hydrogen ion concentration, the reaction progressing more rapidly 
in more alkaline and less rapidly in more acidic solutions. The 
reaction rate was found to vary inversely with the initial concen- 
tration of vii-us, being approjdmately twice as great in systems 
with an initial concentration of 3 mg. per ml. as in solutions with 
an initial concentration of 6 mg. per ml. Thermal inactivation 
of virus was found to proceed more rapidly than thermal denatura- 
tion measured by precipitation. 
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PROPERTIES OF THE FILTRATE FACTOR OF THE 
VITAMIN B, COMPLEX, WITH EVIDENCE FOR 
ITS MULTIPLE NATURE* 

Br \Ll MOHAALMAD, OLIVER H. EMERSON, GLADYS A. EMERSON , 
and HERBERT M. EVANS 

(From the Institute of Experimental Biology, University of California, 

Berkeley) 

(Received for publication, December 4, 1939) 

The material herein reported deals trith an attempt at concen- 
tration of the "filtrate factor” portion of the ^^tamin B: complex. 
This fraction has been variously termed filtrate factor (1-3), 
yeast filtrate factor (4-6), liver filtrate factor (7, 8), rat growth 
factor (9, 10), factor 2 (1, 3), etc. 

The original filtrate factor included the chick antidermatitis 
factor but Woolley, Waisman, and Elvehjem (11) have prepared 
concentrates highly active for the chick but inactive for the rat 
Woolley et al. (12) and Jukes (13) have shown that the “chick 
antidermatitis factor” is probably identical with pantothenic 
acid, a substance necessaiy for yeast growth, the chemical nature 
of which has been extensively investigated by Williams and co- 
workers. But HoSer and Reichstein (2) have also indicated that 
the rat filtrate factor is probably pantothenic acid, as the result 
of experiments in which growdh was stimulated by /3-alanine (a 
constituent of pantothenic acid) when administered to rats on a 
filtrate factor-deficient diet. Growth was likevTse stimulated by 

* Aided by grants from the Research Board and the Department of 
Agriculture of the University of California, from Merck and Company, 
Inc., and from the Rockefeller Foundation. Assistance was rendered bj' 
the Federal Works Progress Administration, Official Project No. 65-1-08-62, 
Unit A5. The following materials were generouslj' contributed; thiamine 
and vitamin Bj (synthetic) by Merck and Company, Inc., riboflavin by 
Hoffmann-La Roche, Inc., wheat germ by General Mills, Inc., GalerrB by 
Vitab Products, Inc., liver extract by Eli Lilly and Company, cane molasses 
by the Waialua .Agricultural Company, and j-east by the Vitamin Food 
Company, Inc., of New York. 
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a purified ether extract of a filtrate factor preparation. The 
residue after ether extraction produced a definite, although not as 
marked, an increase in growth. 

El Sadr and coworkers (8) have found that /3-alanine does not 
replace the liver or yeast filtrate factor and believe that the fil- 
trate factor has at least three components. 

Subbarow and Hitchings (9, 10) isolated a rat growth factor 
from a liver concentrate, employing the method used by Williams 
and coworkers (14) in the purification of pantothenic acid. The 
preparation was active when fed at a level of 8 mg. weekly and 
was unstable to acid and alkali. 

Finally Oleson, Woolley, and Elvehjem (15) have recently found 
that crude preparations of pantothenic acid stimulated growth in 
animals fed a filtrate factor-deficient diet, but not to the same 
extent as did a liver filtrate. The pantothenic acid could be 
inactivated with NaOH. In addition to the alkali-labile factor 
(probably pantothenic acid), the rat required an additional factor 
(factor W of Frost and Elvehjem (16, 17)) that was present in a 
liver extract or in crude filtrate preparations. Factor W is not 
soluble in ether (17). 


EXPERIMENTAL 

The growth of female rats was taken as an indication of filtrate 
factor activity and color of the fur was noted, as Morgan, Cook, 
and Davison (18) and Lunde and Kringstad (19) had reported a 
graying of the pelage in rats on a filtrate factor-deficient diet. 

The diet used was as follows: extracted casein (20) 24, salts 
(McCollum No. 185 (21)) 4, fresh lard 3, cod liver oil (Squibb) 
2, sucrose 67. 

Female rats were placed at weaning (21 days) on the above diet 
supplemented with 15 micrograms of thiamine six times weekly. 
At the end of 4 weeks all animals had attained a constant weight. 
They were then segregated into groups so that each litter was 
represented by one control. Six animals were used in each assay 
(unless otherwise noted). All animals were then given 6 times 
weekly, in addition to the thiamine, 20 micrograms of riboflavin 
and a Avheat germ eluate (as a source of vitamin Be) equivalent 
to 1.5 gm. of defatted wheat germ.* 

The results of the assays are presented in Table I. The gain in 

1 By assay the equivalent of 1.0 gra. produced the same gain ns did 15 
micrograms of crystalline vitamin Bs (Merck). 



Table I 


P ency of FUlrate Faclor Preparations from Various Source Materials, 
When Fed to Rats 


] 

Preparations 

EJquiv- 
alent 
fed 6 
times 
RTockly 

Solids 
fed 6 

Gaia io weight 1 

nbffvc controls j 

f 

Graying of rats noted j 

jrowth- 

pro- 

moting 

activ- 

ity 

weekly . 

.0 da>*s 2 

daj-3 


gm. 

gm. 

gm. 

gm. 



Hawaiian cane 

0.58 

0.475 

53 

100 

1 (slight) out of 5 

++ 

molasses 

1.16 

0.950 

70 

103 

None 

++ 

lOA 

3 

0.121 

4 

14 

4 out of 5 

— 

lOB 

3 

0.310 

54 

71 

None 


llA 

3 

0.046 

54 

72 

it 

++ 

12A 

2 

0.630 

21 

39 

5 out of 6 


14A 

3 

0.024 

54 

75 

None 

++ 

14B 

3 

0.600 

44 

67 

1 out of 4 

++ 

14C 

1 

0.007 

12 

27 

2 “ “5 

+ 

30F 

3 

0.028 

30 

60 

None 

++ 

30G* 

3 

0.025 

0 


3 out of 3 

— 

30Ht 

3 

1.600 

19 

58 

3 “ “3 

++ 

31B 

3 

0.013 

47 

50 

None 

++ 

31C 

3 

0.088 

24 

34 

5 out of 6 


36C 

3 

0.012 

22 

42 

1 " “4 

++ 

Rice bran extract 

0.65 

0.450 

59 

97 

None 


(Galen B) 

1.30 

0.900 

83 

116 

a 


9B 

3 

0.008 

S3 

74 

ti 

++ 

29At 

16 

0.006 

27 

31 

1 out of 1 

+ 

29Bt 

16 

0.002 

0 


1 “ "1 

— 

29Ct 

16 

0.003 

48 

56 


++ 

32A 

3 

0.008 

28 

40 

None 

+ 

92% ethanol liver 

1 

0.886 

126 

145 

It 


extract! 







19A 

5 

0.150 

59 

84 

ft 

++ 

20A 

10 

0.017 

68 


f f 

++ 

24A 

5 

0.010 

56 


ft 

++ 

35A 

10 

0.040 

28 

48 

f ( 

++ 

37A* 

20 

0.008 

3 

0 

2 out of 3 

— 

37B* 

20 

0.010 

2 

7 

2 “ “2 


37Ct 

10 

0.015 

60 

74 

1 “ "5 

++ 

Brewers’ yeast|l 

0.25 


41 

81 

3 “ "3 

++ 


0.50 


52 

83 

6 " “6 

-|_-L 






(3 slight) 



1.00 


91 

121 

1 out of 4 

-r + 

Brewers’ yeastV 

0.50 


54 

105 

5 (slight) out of 6 

4-4- 

IVhole milk pow- 

1,00 


16 

23 

3 out of 6 

+ 

der** 








— denotes a weight increment in 56 days of less than 15 gm. above the 
controls; + an increment of 15 to 40 gm.; ++ an increment above 40 gm. 
* Three rats in the group. ]j Vitamin Food Company, Inc. 

t Five rats in the group. ^ Yeast Foam powder, Northwest- 

i ® rats in the group. ern Yeast Company. 


§ Eli Lilly and Company. 


’ Golden State Company, Ltd. 
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weight of the controls in each group was subtracted from the gain 
in weight of the animals receiving the test materials. The pres- 
ence or absence of graying in solid colored and hooded animals is 
also noted. 

Cane molasses, an aqueous i-icc bran extract (Galen B), and a 
92 per cent alcohol-soluble extract of liver (Lilly) were employed 
in the concentration of the filtrate factor. 

Molasses Preparations 

Preparation lOA — To 1200 gm. of molasses, methyl alcohol was 
added until no further precipitation occurred (3 to 4 liters) (the 
insoluble fraction weighed 408 gm.). To the filtrate an equal 
volume of acetone was added (the insoluble fraction weighed 249 
gm.). The filtrate was freed from methanol and acetone. The 
residue was taken up in 4 liters of H2O and shaken with 1000 gm. 
of fullers’ earth for 1 hour. The filtrate was distilled to dryness 
and was then dissolved in methanol. Ethanol was added until 
no further precipitation occurred. The insoluble fraction weighed 
48.3 gm. This was dissolved in 400 cc. of H2O. 1 cc. =c= 3 gm. 
of original molasses; solids in 1 cc. = 121 mg.; inactive. Graying 
noted in four out of five rats. 

Preparation lOB — The filtrate from the above was freed from 
methanol and ethanol. The solids amounted to 124 gm. This 
was diluted with 400 cc. of H2O. 1 cc. =0= 3 gm. of molasses; 
solids in 1 cc. = 310 mg.; active. No graying noted among the 
rats. 

Preparation 11 A — A concentrate prepared as was Preparation 
lOB containing 410 gm. of solids was acidified to pH 1 to 2 with 
HCl and was extracted five times with isoamyl alcohol, 250 cc. 
being used for each extraction. The vitamin in the isoamyl 
alcohol fraction was extracted with 1 per cent NaOH, which was 
then neutralized with HCl. The solid residue (18.4 gm.) was 
taken up in ethanol and the separated NaCl filtered. The solid 
residue from the filtrate was taken up in 400 cc. of H2O. 1 cc. = 
3 gm. of molasses; solids in 1 cc. = 46 mg.; active. No graying 
observed among the rats. 

Preparation ISA — The residue after e.xtraction with isoamyl 
alcohol contained 380 gm. of solids which was diluted with 600 cc. 
of H2O. 1 cc. === 2 gm. of molasses; solids in 1 cc. = 630 mg.; 
somewhat active. Graying noted in five out of six rats. 
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Preparation I4A — A concentrate similar to Preparation lOB 
from 1500 gm. of molasses containing 320 gm. of total solids was 
dissolved in 1 liter of H 2 O and acidified with HCl to pH 4. 200 
gm. of norit A were added and the mixture was stirred for 1 hour, 
then filtered, and the norit adsorbate was eluted with a methyl 
alcohol-pyridine mixture (4:1). The eluate was freed of solvent 
(solids 12 gm.) and was diluted with 500 cc. of HiO. 1 cc. = 3 
gm. of molasses; solids in 1 cc. = 24 mg.; active. No grajnng 
obseix'ed among the rats. 

Preparation 14B—The filtrate from the above norit adsorption 
containing 300 gm. of solids was concentrated to 500 cc. 1 cc. = 

3 gm. of molasses; solids in 1 cc. = 600 mg.; active. Grajdng 
noted in one out of four rats. 

Preparation I 4 C—A concentrate prepared as was Preparation 
lOB from 600 gm. of molasses and containing 173 gm. of solids 
was dissolved in 600 cc. of H 2 O and saturated with NaCl. After 
being acidified nith HCl to pH 2, it was extracted five times with 
butyl alcohol (with 200 cc. for each extraction). 

The combined extra’cts were distilled to diymess and the solids 
of 4.2 gm. were dissolved in 600 cc. of H20. 1 cc. o 1 gm. of 
molasses; solids in 1 cc. = 7 mg.; somewhat active. Grajnng 
noted in two out of five rats. 

Preparation 30F — The methyl alcohol-soluble fraction from 1200 
gm. of molasses (600 gm.) was dissolved in 1600 cc. of H 2 O and 
adsorbed on 400 gm. of fullers' earth. The filtrate was acidified 
with HCl to thymol blue. It was then extracted with ether in a 
continuous extractor for 72 hours. 14.6 gm. of solids were 
extracted and dissolved in a small volume of methyl alcohol 
(about 50 cc.). A small amount of H20 was added and the precip- 
itate filtered off. The filtrate was freed of methyl alcohol and 
the volume adjusted to 400 cc. Total solids 11.2 gm.; 1 cc. = 
3 gm. of molasses; solids in 1 cc. = 28 mg.; active. No graying 
of the rats obsen’’ed. 

Preparation SOG — ^The residue from the ether extraction was 
leextracted for 88 hours. The solids of 9.8 gm. so extracted were 
taken up in 400 cc. of H 2 O. 1 cc. = 3 gm. of molasses; solids in 
1 cc. = 25 mg.; inactive. Graying noted in three out of three 
rats. 

Preparation SOH — After extraction of Preparations 30F and 
30G the residue was neutralized with Na 2 C 03 and taken up in 800 
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cc. of H 2 O. Solids, 640 gm. 2 cc. = 0 = 3 gm. of molasses; solids in 
2 cc. = 1 .60 gm. ; active. Graying noted in three out of three rats. 

Preparation SIB — The methyl alcohol-soluble fraction from 
4000 gm. of molasses (2000 gm.) was dissolved in 10 liters of 
H 2 O and acidified to pH 2 and shaken with 1400 gm. of norit A. 
The norit A adsorbate was eluted with 90 per cent ethanol. The 
total solid eluted was 140 gm. which was taken up in 1600 cc. of 
H 2 O. It was acidified to blue -with Congo red and extracted with 
ether in the continuous extractor for 100 hours. The solids 
extracted were 20.45 gm., of which 17.54 gm. were H20-soluble. 
5.25 gm. of the preparation were dissolved in 400 cc. of HaO. 
1 cc. 3 gm. of molasses; solids in 1 cc. = 13 mg.; active. No 
graying among the rats observed. 

Preparation SIC — The residue from the ether extraction of 
Preparation 31B equivalent to 1500 gm. of molasses was taken 
up in 500 cc. of H 2 O. 1 cc. = 3 gm. of molasses; solids in 1 cc. = 
88 mg. ; somewhat active. Graying noted in five out of six rats. 

Preparation S6B — 6 gm. of Preparation 3lB and 6 gm. of semi- 
carbazide hydrochloride were dissolved in 60 cc. of H 2 O and 8.4 
gm. of sodium acetate were added. This was allowed to stand for 
24 hours. No sparingly soluble derivative was formed. This 
preparation was not fed. 

Preparation S6C — 6 gm. of a concentrate like Preparation 31B 
were dissolved in 16 cc. of dry pyridine and 3 cc. of benzoyl chlo- 
ride were added and the mixture was allowed to stand for 24 hours. 
No sparingly soluble derivative was formed. H 2 O was added 
and the benzoyl chloride was hydrolyzed to benzoic acid, which 
was filtered off. The filtrate was freed of pyridine under reduced 
pressure and diluted to 500 cc. 1 cc. = 3 gm. of molasses; 
solids in 1 cc. = 12 mg.; active. Graying noted in one out of 
four rats. 


Rice Bran Preparations 

Preparation 9B — A concentrate from an aqueous rice bran ex- 
tract was prepared as was molasses Preparation lOB and extracted 
with isoamyl alcohol as in the case of Preparation 11 A and ad- 
sorbed on norit A and eluted as in the case of Preparation 14A. 
The eluate contained 14.4 gm. of solids. 3.1 gm. of this prepara- 
tion were dissolved in 400 cc. of H 2 O. 1 cc. =3 gm. of rice bran 
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extract; solids in 1 cc. = 8 mg.; active. Iso graying observed 
among the rats. 

Preparalion 2QA. — 3.8 gm. of Preparation 9B were dissolved in 
50 cc. of acetic anhydride. 2 cc. of pyridine were added and the 
solution was heated for 1 hour on the steam bath. Excess rea- 
gents were removed by distillation. The acetylated mixture was 
dissolved in ether and extracted with HiO. The HiO solution 
was acidified and reextracted. The H.O extract containing 0.9 
gm. of solids was dissolved in 150 cc. of H;0. 1 cc. = 16 gm. of 
original rice bran extract; solids in 1 cc. = 6 mg.; somewhat 
active. Graying noted in the one colored rat on the sample. 

PTeparalion 29B — ^The ether phase after removal of the solvent 
was 2.52 gm. This was distilled in a molecular still at 10~^ mm. 
of Hg pressure at 100° for 11 hours. 0.843 mg. was distilled, 
which was neutralized with dilute NaOH. 673 mg. of benzjd- 
thiuronium chloride were dissolved in 4.5 cc. of ethanol and added 
to the hot alcoholic solution of the concentrate. As no solids 
separated, the ethanol was distilled off and the residue taken up 
in a small amount of acetone. Insoluble material was filtered off 
and the clear filtrate was allowed to stand for 24 hours at 4°. 
465 mg. of material crystallized (m.p. 130-133°). The crystals 
were dissolved in a few cc. of methyl alcohol, and about 20 cc. of 
HjO were added. The solution was acidified to blue n-ith Congo 
red and extracted with ether. The residue (172 mg.) from the 
ether extract was taken up in ethanol and hydrolyzed with gaseous 
NHj. The product on hydrolysis was crystalline. Total solids, 
150 mg. This substance was dissolved in 75 cc. of H:0. 1 cc. 

16 gm. of rice bran extract; solids in 1 cc. = 2 mg.; inactive. 
Graying noted in the one colored rat on the sample. 

Preparation The residue from the filtrate after filtration 
of the acetone-insoluble material in Preparation 29B was 500 mg. 
This product on hydrolysis weighed 479 mg. and was taken up in 
150 cc. of HjO. 1 cc. ~ 16 gm. of molasses; solids in 1 cc. = 
3 mg.; active. No colored rats were fed the sample. 

Preparation S2A 3.8 gm. of Preparation 9B were dissolved in 
25 cc. of 1 N NaOH and heated on the steam bath for 1 hour. 
After neutralization, the volume of the solution was adjusted to 
400 cc. 1 cc. ^ 3 gm. of rice bran; solids in 1 cc. = 8 mg.; 
somewhat active. No graying among the rats. 
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Liver Preparations 

Lilly’s 92 per cent alcohol-soluble extract was used. 

Preparation 19 A — 552 gm. of the Lilly preparation equivalent 
to 2500 gm. of fresh liver were dissolved in H 2 O and adsorbed on 
fullers’ earth. The filtrate was acidified and extracted with ether 
in a continuous extractor for 37 hours. 119 gm. of solids were 
extracted. The residue from this ether extract was extracted 
with benzene and chloroform. 23 gm. were extracted wth ben- 
zene and 9 gm. with chloroform. The residue was again extracted 
with ether in a separatory funnel. 8.5 gm. of solids were extracted 
by this process. From the second ether extract, needle-like 
crystals were obtained which melted at 120°. The residue, which 
after extraction weighed 75 gm., was taken up in 500 cc. of H 2 O. 
1 cc. = 0 = 5 gm. of fresh liver; solids in 1 cc. = 150 mg.; active. No 
graying observed among the rats. 

Preparation WA — The residue after the extraction of Prepara- 
tion 19A was again extracted for 24 hours. 4.3 gm. of solids were 
extracted, which were taken up in 250 cc. of H 2 O. 1 cc. 10 
gm. of liver; solids in 1 cc. = 17 mg.; active. No graying of 
rats noted. 

Preparation 24A — A concentrate from 552 gm. of Lilly’s liver 
after extraction -with ether in a continuous extractor for 92 hours 
containing 80 gm. of solids was acidified and adsorbed on 250 gm. 
of norit A. The adsorbate was eluted with 90 per cent ethyl 
alcohol. The solids weighing 5.2 gm. were taken up in 500 cc. 
of H 2 O. 1 cc. = 5 gm. of liver; solids in 1 cc. = 10 mg.; active. 
No graying among the rats was observed. 

Preparation S6A — A concentrate prepared by precipitation of 
inert material with methyl alcohol and subsequent adsorption on 
fullers’ earth and containing 176.5 gm. of solids was acetylated. 
The acetylated mixture which contained 20 gm. of solids was taken 
up in 500 cc. of H 2 O. 1 cc. o 10 gm. of the original liver; solids 
in 1 cc. == 40 mg.; active. No graying among the rats observed. 

Preparation 37 A — A concentrate (from Lilly’s liver, equivalent 
to 4000 gm. of fresh liver) containing 12 gm. of solids was prepared 
by adsorption on norit A and subsequent extraction for 100 hours 
Avith ether from acid solution in a continuous extractor. This 
ether extract Avas dissolved in about 50 cc. of Avater and neutralized 
AAuth NaOH. An equivalent amount (4.4 gm.) of copper sulfate 
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was dissolved in about 15 cc. of water and added. The coppei 
salts were filtered and dried in a desiccator. The dried salts were 
extracted nnth anhydrous methanol and this extract freed of 
solvent. The residue was dissolved in H^O and freed from Cu 
by its precipitation with H^. The filtrate was distilled to dryness 
at reduced pressure. Total solids, 1.65 gm., which were dissolved 
in 210 cc. of HsO. 1 cc. = 20 gm. of liver; solids in 1 cc. = 

8 mg.; inactive. Graying noted in two out of three rats. 

Preparation 37B — The methyl alcohol-insoluble salts in the 
above procedure were dissolved in HiO. The filtrate was freed 
from Cu and solvent and the total solids of 2.1 gm. dissolved in 210 
cc. of HjO. 1 cc. = 20 gm. of liver; solids in 1 cc. = 10 mg.; 
inactive. Graying noted in two out of two rats. 

Preparation 37C — ^The filtrate after precipitation of the Cu 
salts was dried and dissolved in about 50 cc. of methanol, and 
acetone was added until no further precipitation occurred. The 
wax-like material that separated was filtered off and the filtrate 
freed of solvent. This was dissolved in about 250 cc. of H-O 
and freed of Cu nith HjS. The filtrate was freed of solvent, leav- 
ing total solids of 6.0 gm., which were dissolved in 400 cc. of HjO. 
1 cc. = 10 gm. of liver; solids in 1 cc. = 15 mg.; active. Graying 
noted in one out of five rats. 

DISCUSSION 

The attempts to concentrate the rat filtrate factor (or factors) 
have resulted in a separation of two fractions, one extractable 
from acid aqueous solution with diethyl ether and the other non- 
extractable. Woolley el al. (22) have used tlus method in the con- 
centration of the “chick antidermatitis factor.” This separation 
is in agreement with the findings of Hoffer and Reichstein (2), 
El Sadr and coworkers (8), and Subbarow and Hitchinp (9, 10). 
Hoffer and Reichstein and Subbarow and Hitchinp have evidence 
indicating that pantothenic acid (chick antidermatitis factor) is 
the active component of their ether extracts. We have prepared 
an isoamyl alcohol extract (a method used by Elvehjem and Koehn 
(23, 24) and Lepkovsky and .Jukes (25) in preparations of chick 
antidermatitis factor, and by El Sadr and coworkers and Subbarow 
and Hitchinp in preparation of the rat filtrate factor). This 
preparation after being heated with 1 k HaOH for 1 hour at 100° 
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retained niore than one-half of the original activity. This treat- 
ment was shovm by Woolley et al. (11, 12) to destroy the chicle 
antidermatitis factor. 

Our preparations were adsorbable on norit, as reported by Edgar 
and Macrae (4). Our preparations distilled in a high vacuum, 
although Edgar and Macrae reported that the activity remained 
in the residue. Our distillation, however, was carried out at 100° 
and 10~® mm. of Hg pressure, a lower temperature and pressure 
than were employed by the English workers. Our preparations 
were likewise soluble in ethanol, methanol, and acetone. 

The activity was not destroyed by acetylation. No precipitate 
formed with either semicarbazide hydrochloride or benzoyl chlo- 
ride and, although a crystalline material separated on standing 
mth benzylthiuronium chloride, the activity remained in the 
filtrate. The filtrate from this preparation (No. 29C) was the 
most active fraction tested (3 mg. of total solids six times weekly 
resulted in a gain in weight of 56 gm. above the controls). The 
filtrate factor (or factors) were not precipitated as their Cu salts 
when treated with CuSO^. 

In agreement wth Morgan, Cook, and Davison (18) and 
Lunde and Kringstad (19) we have noted frequently but not in- 
variably a graying of the pelage in rats on diets deficient in filtrate 
factor. In a total of 78 solidly colored or hooded rats serving 
as controls, 59 showed graying to some extent. No definite areas 
were regularly affected. In some cases graying was noted in a 
circular area round the base of the tail and on the forehead ; often 
in the latter area, the graying surrounded a diamond-shaped 
area of natural color. In other cases the central area of the back 
was grayed, with a natural colored area surrounding the base of 
the tail. With some animals the sides were grayed and the central 
area was of natural color. In a few instances the entire pigmented 
areas were grayed. 

Pi’eparations active in growth stimulation in some cases did not 
contain the “antigraying factor.” As mentioned in a preliminary 
publication (26), the antigraying as well as the growth factor 
appears to be extractable with ether, although the growth factor 
not possessing the antigraying properties remains in the residue. 

Lunde and Kringstad (27) and Oleson, Elvehjem, and Hart (28) 
were unable to correlate graying with growth. 
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Brewers’ yeast (Table I), an excellent source of the growth factor, 
appeared to be a poor source of the antigraying factor. This 
observation, no doubt, can explain the not infrequent stippled 
fur obsen^ed in animals on purified diets containing yeast as a 
source of the vitamin B complex. 

Cane molasses, the aqueous rice bran extract (Galen B), and 
liver (Lilly, 92 per cent alcohol extract) are good sources of both 
factors. 

Dried whole milk powder was a poor source of both factors. 

SUMMARY 

Procedures are described for the concentration of the rat filtrate 
factor complex. The complex is extractable with isoamyl alcohol 
and is soluble in methanol, ethanol, and acetone. The complex is 
adsorbable on norit from acid solution. It is not destroyed by 
heating with 1 n NaOH for 1 hour. It is not inactivated by 
acetylation. The complex was not precipitated by semicarbazide 
hydrochloride or benzoyl chloride nor was a benzylthiuronium 
salt or a Cu salt formed. Two factors at least appear to be a part 
of the filtrate complex; one is essential for normal growth, the 
other preserves normal color in the pelage. While both factors 
are extractable with diethyl ether from acid solutions, the residue, 
while promoting growth, does not contain the antigraying factor. 

Cane molasses, an aqueous rice bran extract, and an alcohol- 
soluble hver preparation appear to be good sources of both factors 
but brewers’ yeast, while a rich source of the growth factor, is 
low in the antigraying factor; whole milk powder is low in its 
content of both factors. 
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ELECTROZINETIC ASPECTS OF SURFACE CHEMISTRY 

VIII. THE COMPOSITION OF THE SURFACE FILM ON THE FAT 
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The protein composing the stabilizing film on the fat droplets 
in cream has been identified by various investigators as albumin 
(1), a glycoprotein (2), a globulin-like protein (3), a new milk 
protein (4), and casein (5). Some of these results undoubtedly 
were complicated by an incomplete removal of other proteins 
in the milk plasma from those naturally occurring on the surface 
of the fat globules in milk. 

To insure a more complete isolation of the materials composing 
the surface of these globules, Palmer and his associates (6-10) 
have used the procedure introduced by Storch (2) of washing 
cream by repeated centrifugation and resuspension in distilled 
water. They find (9) that the composition of the fat globule 
surface is not constant in various samples of cream but becomes 
constant for any sample after four such washings and remains 
so, at least until the eleventh washing. They conclude that, 
although milk may contain other stabilizers aside from those at 
the surface of the fat droplets, the fat globule “membrane” is 
composed of a tightly adsorbed mixture of phospholipids and a 
protein difiering in constitution (7, 8), behavior (6, 7, 9, 10), 
and serological reactions (11) from other known proteins in milk. 
This “membrane” protein was not found in skim milk but could 
be isolated from buttermilk. The pH of maximiun precipitation 
of both the “membrane” protein and the washed fat droplets 
was found to he between pH 3.9 and 4.0 (7). This value is more 
acid than the isoelectric point of any other protein constituent 
of milk so far investigated. Palmer and his coworkers (3, 7, 9) 
have further emphasized the importance of the role played by 
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the phospholipid fraction in the membrane complex. Their 
value for the pH of maximal precipitation is not to be regarded 
as invariant, in view of the natural variation in the constitution 
of this complex. 

It would be desirable to employ here the technique of electro- 
phoresis in a direct investigation of the electrokinetic behavior 
of the membrane complex and to compare the results with the 
available data for the behavior of other known milk plasma con- 
stituents. In other fields, at least, this method has met Avith 
success in the interpretation of surface phenomena (12-14). Un- 
fortunately, in the available literature on the electrokinetic prop- 
erties of the fat droplets, such comparisons appear to be lacking, 

Mommsen (15) has found that milk, when suspended in mix- 
tures of 0.2 M NaOH and 0.2 m acetic acid, exhibited an isoelectric 
point at pH 4.1 in a simple microelectrophoresis instrument con- 
structed from a microscope slide. He found that the behavior 
of his suspensions changed vith time after the electric field was 
turned on, so that polarization or some other disturbing factor 
may have been present. Prieger (16), using a similar cell, found 
that the fat droplets from milk suspended in these buffers were 
isoelectric at pH 4,2, while butter fat, simply emulsified in dis- 
tilled water without an added stabilizer, was isoelectric at pH 
2.8. On the other hand, a 1 per cent emulsion of butter gave a 
value of pH 3.95. Mohr and Brockmann (17), using undiluted 
raw milk, found air isoelectric point at pH 4.3. The ionic strength 
was a little higher than that of milk itself, owing to addition of 
concentrated lactic acid to obtain this pH value. The lack of 
non-polarizable electrodes in some of these earlier investigations, 
together with irregularities met Avith in the use of exceedingly 
shallow cells (12) (some were only 0.1 mm. deep), has led later 
workers to more modem techniques. 

North and Sommer (18) have investigated the streaming po- 
tentials produced by adsorbed films prepared by exposure of a 
butter fat surface, composing the wall of a pore, to dilute skim 
milk. After treatment of the fat with this milk, the excess was 
washed away and electrolytes forced through the pore. The 
assumption is made that (1) this treatment is adequate to produce 
complete coating and (2) these films are so tightly held that they 
are not altered by further washing. That such assumptions are 
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not always valid for other proteins, at least at high dilutions, 
has been indicated in other papers (19, 20). They present meas- 
urements at various pH values, pH 4.3 being obtained as the iso- 
electric point. This is an interpolation between values at pH 
4.12 and 4.68. Measurements are presented on the effects of 
salts on the streaming potential. The influence of the ionic 
strength on the isoelectric point (12, 13, 20) docs not seem to have 
been considered. Measurements of streaming potentials involve 
the determination of the specific electrical conductance of the 
electrolyte in the pore, thus correcting for possible effects of 
surface conductance (12, 21). These conductance measurements 
are, however, about 10 times smaller than corresponding values 
for KCl in the literature (sununarized by Gorin (22)). This is 
surprising, for, if surface conductance were coming into play, 
the values would have been expected to be higher, rather than 
lower. In any case, Rimpila and Palmer have pointed out that 
skim milk does not contain appreciable quantities of the "mem- 
brane” protein, so that this skim milk-butter fat interface can 
hardly be comparable to the normal fat droplet surface (9). 

Seifriz (23) has determined the pH-raobility cur\'e of miUt fat 
droplets suspended in buffer solutions and measured in a micro- 
electrophoresis instrument. Only relative mobilities are given. 
The fat droplets were isoelectric at pH 4.55 but the ionic strength 
was not stated. Nugent (24) has found a value of pH 4.1 for 
this point in 0.1 m buffers. An isoelectric point at pH 4.3 has 
been found by Jack and Dahle (25) for fat globules diluted 1:200 
n-ith buffer. They present an electric mobility-pH cur%m but 
it is not clear whether this was measured in solutions at a total 
molarity or an ionic strength of 0.25. They conclude that the 
electrophoretic beharior of the normal milk fat droplets and of 
butter fat emulsified with casein agrees closely. 

In most cases, the results obtained were compared with the 
isoelectric point for casein, pH 4.6, found by Michaelis and Pech- 
stein (26), without regard to (1) the shift produced in the iso- 
■ electric point of casein by different ionic species found by Michaelis 
and Szent-Gyorgyi (27), (2) the effect of the ionic strength on 
the position of the isoelectric point, and (3) possible differences 
in the isoelectric points of different preparations of this poly- 
disperse protein. 
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In this communication, a direct comparison will be made under 
comparable conditions of the mobility of washed and unwashed 
fat droplets Avith the other proteins in milk for which modem 
data are available. 


Methods 

Fresh unpasteurized cream was centrifuged and the underly- 
ing liquid removed. Distilled w'ater was then added to the orig- 
inal volume and, after stirring, the process was repeated for six 
washings. Several drops of this “washed cream” were then 
added to 50 cc. of buffer solution for the electrophoresis measure- 
ments. “Unwashed” suspensions were prepared by adding a 
similar amount of unwashed cream to the same volume of buffer. 
All buffers were at a constant ionic strength of 0.02. The casein 
had been prepared by the method of Van Slyke and Baker (28) 
and was the same sample as that used by Moyer and Moyer 
(29). In the preparation of casein sols the methods were the 
same as described before (29). 

Electrophoresis and pH measurements were made according to 
our usual procedures (30). A flat, horizontal Abramson micro- 
electrophoresis cell which had been repeatedly checked against 
other instruments was used. Special care was taken only to 
measure droplets exactly in focus at the stationary levels. Use of 
a 40X water immersion objective with a 1.9 mm. working distance 
and a 28X ocular (30) made it possible to restrict the focus to a 
very thin plane, so that all particles in sharp focus would be in 
the same electroosmotic level. 

EXPERIMENTAL 

The data of IMoyer and Moyer (29) for the electric mobility of 
casein are shown in Fig. 1. Inasmuch as casein is highly soluble 
at pH values above 5.8 at the concentrations we employed, the 
data above this value were obtained by observing the mobility of 
quartz or collodion particles coated with films of adsorbed casein. 
Below this pH value, it is unnecessary to use microscopic particles, 
for casein itself becomes decreasingly soluble as its isoelectric 
point is approached, forming microscopic suspensions.^ It will 

* Possible occlusion of air at the surface makes it unsafe to make meas- 
urements on particles of ground-up, rather than precipitated, casein. 
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be seen in Fig. 1 that these two sets of data apparently merge into 
each other, indicating that there is no significant difference in the 
behavior of the adsorbed films and the precipitated casein pai- 
ticles. 

In Fig. 1 are also shown the electric mobilities of unwashed milk 
fat globules at various pH values. The results above pH 6.5 n ere 
secured by suspending the droplets in phosphate buffer mixtures, 
whereas below this value the globules were measured in sodium 



Fig. 1. The electric mobility-pH curves of fat droplets from washed 
(•) and unwashed (O) cream compared with the beha-vior of other milk 
proteins at the same ionic strength, 0.02 /i. T = 25°, A casein particles; 
A casein adsorbed on quartz or collodion; dash curve, data of Pedersen 
for the lactoglobulin of Palmer. 

acetate-acetic acid solutions at the same constant ionic strength. 
The isoelectric point of these globules lay near pH 4.5. 

In Fig. 1 is also shorni the behavior of fat droplets washed six 
times with distilled water before suspension in the buffer. It was 
found that less waslung tended to give erratic results, with values 
lying intermediate between these data and the results for un- 
w'ashed globules. These droplets had an isoelectric point at pH 
3.7. It was noticed at this pH value that complete immobility 
was not secured; some of the droplets migrated slowiy to one, and 
others to the opposite pole. On Fig. 1 is showm the curve for the 
electric mobility of the lactoglobulin of Palmer (31), plotted from 
the results of Pedersen (32) obtained with the moving boundary 
method. 
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Fig. 2 shows the eifect of ionic strength on the isoelectric point 
of casein measured in sodium acetate-acetic acid solutions. These 
values were obtained by finding, in each case, the pH at which 
the casein particles did not move. The present, more accurate 
value for the isoelectric point of casein at 0.02 fi has necessitated a 
slight revision of the curve drawn through the measurements of 
Moyer and Moyer (29) in the neighborhood of the isoelectric 
point, but this shift only involves a change of about 0.06 pH unit. 
It will be noticed in Fig. 2 that the isoelectric point is decreased 
by ionic strengths above 0.02. 



Fig, 2. The influence of the ionic strength, n, of sodium acetate-acetic 
acid buffers on the pH of the isoelectric point of casein particles. 


DISCUSSION 

It is clear from Fig. 1 that the washed fat droplets are com- 
pletely different in their electrokinetic behavior from the un- 
washed droplets. The isoelectric point of the washed droplets is 
in good agreement with the results of Palmer for the pH of maxi- 
mum precipitation of his “membrane” protein and washed fat 
droplets. It also agrees wdth the results of Prieger for the iso- 
electric point of butter (pH 3.95). Our value for the iso- 
electric point is not looked upon as an entirely constant quantity 
in this instance, for it should be affected by changes in the ratio 
of phospholipids to proteins composing the surface film. This 
ratio, as Rimpila and Palmer have pointed out (9), is not com- 
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pletely constant from sample to sample. Additional measure- 
ments of the isoelectric point of fat droplets from another sample 
of washed cream yielded a value of pH 3.8. These results appear 
to substantiate the conclusions of Palmer and his associates that 
the washed fat droplet of milk is covered by a film different from 
the other constituents in the milk plasma and capable of prevent- 
ing coalescence of the fat droplets even after numerous washings. 
It is e\ddent that these films are quite different from casein or the 
lactoglobulin of A. H. Palmer. That they are different from the 
other proteins which have been suggested as forming their surface 
has already been demonstrated by Wiese and Palmer (7, 8) and 
by Palmer and Lends (11). 

On first glance, it may be thought that our data for unwashed 
cream (Fig. 1) indicate that these droplets possess an outer coat- 
ing of casein, for, below pH 4.8, the curves for these droplets and 
for casein follow tbe same course, witbiu the limits of error. 
Closer inspection reveals, however, that above pH 6.5 the sur- 
faces of unwashed and washed droplets suspended in buffers at 
this dilution are not significantly different in their beharior. It 
is clear that the washed cream does not contain casein on the sur- 
faces of its globules, so that this agreement with the unwashed 
cream at these higher pH values suggests that these droplets too 
are not coated by an outer layer of casein. This evidence is 
strengthened by the fact that these data in this portion of the 
curve do not agree with the results for casein. It is only below 
the pH value of fresh milk, approximately pH 6.6, that the results 
for washed and unwashed fat globules begin to diverge. Below 
pH 6.0, solutions of casein begin to assume an increasing opales- 
cence with increase of acidity. Hence it seems altogether prob- 
able that casein, brought into the unwashed suspensions along 
wth the fat droplets, is becoming increasingly insoluble and accu- 
mulating on the surfaces of the fat droplets which are normally 
unaffected by dissolved casein. As the solubility decreases, 
below pH 5.0, the outer coating would become more completely 
casein. It is possible that the fat droplets act as nuclei for the 
precipitation of casein or it may be that casein is only able to 
interact with the film on the droplets over a limited pH range. 
The isoelectric point for these imwashed droplets, while agreeing 
with the results of Seifriz (23), is only in fair agreement with other 
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data in the literature. If these measurements had been made a( 
a different ionic strength or with a different buffer, the peptizing 
conditions might well have been different, producing isoelectric 
points intermediate between these and the results for thoroughly 
washed droplets. The measurements do not tell us about the 
nature of the outer surface of the fat droplets in undiluted, un- 
rvashed cream but they do indicate that, whatever the outer coat- 
ing may be, the membrane complex of Palmer apparently be- 
comes exposed upon simple dilution, provided that the pH is held 
between pH 6.0 and 7.5. If the pH is to be lowered below this 
range, washing is necessary to prevent complications at the sur- 
face introduced by the adsorption of casein and the nature of the 
membrane complex may be hidden 

Fig. 2 shows that it is unsafe to compare isoelectric points of milk 
fat droplets or other particles measured at one ionic strength with 
the isoelectric point of casein at another ionic strength. The re- 
sults of Michaelis and Pechstein (26) for the isoelectric point of 
casein in the absence of added salts, pH 4.6, are not in complete 
agreement with these measurements with Van Slyke and Baker 
casein, but it will be noticed that the agreement between the 
isoelectric point of the unwashed fat droplets and that for the 
present sample of casein is excellent, suggesting that this protein 
has not been changed very much in its electrokinetic properties 
by purification. 


SUMMARY 

An investigation of the surface properties of the fat droplets 
of cream by means of the microscopic method of electrophoresis 
has led to the following conclusions. 

1. Milk fat droplets washed with distilled water and suspended 
in buffer solutions exhibit electric mobilities which are markedly 
different from those of casein under the same conditions, "with the 
isoelectric point considerably lower. 

* Jack and Dahle (25) report that tlie mobility of fat droplets washed 
with distilled water does not become constant but increases as washing 
proceeds. Their measurements appear to have been made in distilled 
water, so that a large part of this increased mobility could be due to an 
increase in double layer thickness with decrease in ionic strength (12). 
The use of distilled water in electrophoretic measurements of this char- 
acter has already been criticized (30). 
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2. Although unwashed fat globules were not significantly dif- 
ferent in their beha\dor from washed fat droplets at values above 
pH 5.8, below tliis figure the electric mobility cur\'es were mark- 
edly different, with the vmwashed droplets progressively assum- 
ing an electrokinetic beha^dor more nearly identical to that of 
casein as the pH was decreased. The isoelectric point of the un- 
washed droplets was not significantly different from that of casein. 

3. It is suggested that the beha\’ior of the unwashed droplets 
s comphcated by the presence of casein and that at pH values 
it which casein is very slightly soluble the fat droplet surface 
becomes contaminated with casein. 

4. The isoelectric point of casein is dependent to a certain 
extent upon the ionic strength in acetate buffers, becoming lower 
in pH value at higher iomc strengths. 

5. These data appear to be most closely in accord with the evi- 
dence of L. S. Palmer for the eidstence of a complex of phospho- 
lipids and a “membrane” protein, different from other known milk 
proteins, composing the fat droplet surface. 

It is a pleasure to thank Dr. M. H. Gorin and Dr. L. S. Palmer 
for their critical reading of the manuscript. 
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There have been several equations derived which express the 
relation between the viscosity of a suspension and the degree of 
asymmetry of the particles. Among these equations may be 
mentioned that of Kuhn (7) which has been employed by Lauffer 
(8), Neurath and Frampton (10), Neurath and Saum (11), and 
Neurath (9) to estimate the ratio of the length to the diameter of 
the protein molecule. These studies have been most interesting 
and it is largely due to their stimulation that the present re- 
search was done. 

Recently, Poison (13) has formulated an empirical equation re- 
lating the asymmetry of protein molecules to the -viscosity of their 
solutions. At the present stage of our knowledge of the compli- 
cated relation between asymmetry and %iscosity, an empirical 
equation such as Poison's seems preferable to one derived on a 
theoretical basis involving more arbitrary assumptions. 

A search of the literature reveals that the \iscosity of solutions 
of native, of heat-denatured, and of urea-denatured egg albumin 
has been determined by various investigators. The data reported 
are, however, not suitable for the present calculations, since they 
were in general determined at higher protein concentrations at 
which the -viscosity to protein concentration relation departs from 
a linear course. This point is particularly important in the case 
of the denatured protein. Some of the measurements have also 
been made -without regard to the electro\’iscous effect and there 
has been a curious absence of description of the apparatus and 
experimental conditions under which the -viscosity measiu-ements 
were obtained. The careful and exact technique of Jones and 
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coworkers on the viscosity of electrolyte solutions demonstrates 
that the determination of viscosity by the use of the Ostwald 
viscosimeter presents many difficulties which must be resolved 
and it seems evident that the experimental conditions for viscosity 
measurements of protein solutions should be rigorously defined 
and described. 


EXPERIMENTAL 

Egg albumin was prepared from fresh hen’s eggs by the method 
of Kekwick and Cannan (6). The albumin was reerystallizcd 
four times and dialyzed against running distilled water until 
sulfate-free. The various preparations were between 97.5 and 
99.0 per cent heat-denaturable. All preparations were water- 
clear. 

The viscosimeter was of the Ostwald type and made of Pyrex 
glass. The -drainage bulb was cylindrical in shape over nearly 
its whole length. The reservoir “bulb” was a cylinder of uniform 
diameter over its entire length with a 45° cone connecting it to 
the transverse tube which led to the capillary. 

The viscosimeter had the folloxving dimensions and charac- 
teristics: diameter of reservoir tube (inside) 1.65 cm., diameter of 
drainage bulb (inside) 1.00 cm., diameter of capillary (estimated 
from rate of flow) 0.0592 cm., length of capillaiy 20.1 cm., volume 
of drainage bulb 3.91 cc., usual worldng volume 10.0 cc., time of 
outfloAV of water at 35° (with 10 cc.) 98.75 seconds, average pres- 
sure head (with 10 cc.) 1.92 X 10^ dynes per sq.cm. 

The viscosimeter was clamped in a rigid metal frame and never 
removed from it. Dichromate cleaning solution was allowed to 
stand in it when it was not in use. Before a measurement it 
was washed repeatedly with water and dried by sucking air 
through it. After a series of readings w^ere made on a solution, 
it xvas washed out with hot Na 3 P 04 solution and then with water 
and dried. This treatment was found to restore the water con- 
stant. The water constant -was determined each day and was 
found in the course of 9 months to have dropped gradually from 
99.07 seconds at the beginning to 98.75 seconds at the end. 
The solutions were placed in the viscosimeter with a standardized 
pipette. 
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The experiments were carried out at 35 ± 0.01 in a \\ell 
stirred water bath. It was found to be most important to have 
adeQuate stirring. The time of outfio^^ v as determined mth a 
10 second dial stop-watch and the time could be estimated to 
0.01 second. The accuracy of timing was greatly improved by 
the following technique. Two 0.5 cm. lengths of rubber tubing 
were placed around the glass tube above the 'drainage bulb, as 
well as around the capillarj' below the drainage bulb, in such a 
fashion as to expose the calibration marks as narrow slits. A 
strong beam of light was allowed to strike the \'iscosimeter at 
right angles to the obsen'er. Under these conditions the glass 
tubes at the calibration marks when filled with liquid reflected 
no light, but when empty appeared brilliantly illuminated. It was 
frequently possible under these circumstances to achieve a series 
of outflow timings which did not differ more than 0.01 second 
from one another. 

It was foimd important never to allow the protein solution to 
dry in the capillary between measurements, but to draw the solu- 
tion back into the drainage bulb immediately after an obser\'a- 
tion had been made; otherwise air bubbles and bits of coagulated 
protein would cling to the capillarj'. If the solution was drawn 
back into the drainage bulb immediately after a measmrement, the 
small amount of surface-coagulated protein which always formed 
would be carried into the tube above the drainage bulb and would 
deposit there as the meniscus dropped on a subsequent measure- 
ment. In spite of these precautions, however, air bubbles and 
threads of denatured protein occasionally formed in the capillary 
and these were removed with a drawn-out glass rod manipulated 
through the upper tube of the drainage bulb. The tendency to 
form air bubbles was greatly decreased by boiling the distilled 
water which was used to make up the diluted protein solutions. 

It was established that the viscosity of protein solutions as 
measured by this rdscosimeter was independent of rate of flow, 

‘ by using working volumes of 5, 10, 15, 20, and 25 cc. Since the 
• reser\'oir tube was a cylinder of uniform diameter, increasing the 
' working volume by 5 cc. amounted to decreasing the average 
5 pressure head by 2.34 cm. of water. The constancy of the. vis- 
' cosity of a 0.2 per cent solution of heat-denatured protein at pH 
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9.44 with varying working volume is shown by the following 
figures. 


Working volume 
cc. 

tih 

5.0 

1.0237 

10.0 

1.0248 

15.0 

1.0236 

20.0 

1.0236 

25.0 

1.0234 


Since the viscosity is independent of rate of flow, it was con- 
sidered unnecessary to apply a kinetic correction, as a kinetic 
correction should vary with rate of flow. The figures above also 
indicate the absence of structural viscosity. This experiment was 
repeated at pH 4.19 and at pH 2.50 and both showed constant 
viscosity with varying rate of flow. 

The specific viscosity (specific viscosity is equal to the relative 
viscosity minus 1) was studied as a function of protein concen- 
tration. To our amazement the specific viscosity to protein 
concentration curve showed a hiatus. It was found that when 
actual times of outflow were plotted against protein concentra- 
tion the curve when extrapolated to zero concentration inter- 
sected the time axis at a point greater than the water constant 
of the viscosimeter, in spite of corrections having been made for 
the viscosity of electrolytes present (see Fig. 1). The difference 
between the time of outflow of the electrolyte solution and that 
found by extrapolation of the concentration-time curve, varied 
with pH, being, in general, lower in the basic region than in the 
acid and disappearing in the extreme acid and basic regions. At 
pH 2.60 the diffei’ence in times of outflow was 0.50 second and at 
the isoelectric point it was 0.22 second. Away from the isoelec- 
tric point the hiatus in the specific viscosity-concentration curve 
did not come until concentrations higher than 0.3 per cent of 
protein had been reached and, in many cases, especially on the 
acid side of the isoelectric point, the hiatus was not realized 
even at 0.8 per cent, which was the highest protein concentration 
used. The extrapolated time of outflow of both heat- and urea- 
denatured protein solutions was always normal and equal to that 
of the water constant of the viscosimeter when corrected for the 
presence of electrolytes. 
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Much time and effort were spent to ascertain the cause of the 
extraordinary hiatus in the \dscosity to protein concentration 
relation. To this end the following experiment was done. The 
clean viscosimeter was filled with protein solution and allowed to 
stand for a few minutes v.-ith the solution in it. The solution was 
then withdrawn and the instrument washed thoroughly with 
water and finally dried. It w'as found that after this treatment 
the water constant had been increased by 1.00 second. The in- 



Fig. 1. Time of outflow of egg albumin solutions at the isoelectric point 
as a function of protein concentration. 

strument was then thoroughly cleaned with NasPOi solution, 
washed with water, and dried. Protein solution was then placed 
in the resen^oir tube but not allowed to enter the capillary. After 
standing, the protein solution was withdrawn and the instrument 
washed with water and dried. The water constant under these 
conditions was 0.92 second above that of the clean instrument. 
This indicated that conditions produced by the presence of protein 
in the capillary had little if anything to do with the hiatus in the 
\Tscosity with increasing concentration. It was noticed that after 
the inside of the viscosimeter had been coated with protein by 
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allowing a protein solution to stand in it, which was then washed 
out, the water draining from the drainage bulb made a 0 angle of 
contact with the glass surface, while the ascending meniscus in 
the reservoir tube made a 90° contact angle. With protein solu- 
tions the descending meniscus always made a contact angle of 0 
Avith the surface of the drainage bulb (surface completely wet). 
The ascending meniscus in the reservoir tube made angles of ! 
contact less than 90° but only wdth higher protein concentrations 
was complete wetting achieved. This behavior suggested an ex- 
planation based upon surface tension effects. 

Jones and Fornwalt (5) have considered the corrections which 
are necessary when one is dealing with a liquid whose surface ten- 
sion is lower than that of water. Here the situation is somewhat 
different. The surface in the drainage bulb is being continually 
destroyed and created as the protein surface is deposited on the 
interior of the drainage bulb as the meniscus descends. Under 
these circumstances the surface tension must be high and fairly 
close to that of water. In the reservoir tube, however, the sur- 
face is not destroyed and upon aging surface tension is probably 
in the neighborhood of 46 dynes per cm. (unpublished experiments 
by the author on the surface tension of egg albumin solutions). 
In addition, as has already been pointed out, the ascending res- 
ervoir meniscus does not completely wet the glass surface, so 
that the surface tension is not completely effective in tending 
to draw the liquid up in the reservoir tube. 

The following simple calculation has been carried out for tlic 
case of pure water in the viscosimeter which had been previously 
coated with protein and whose ascending meniscus in the reservoir 
tube -made a 90° angle of contact wdth the glass surface; from 
Poiseuille’s law of liquid fio^v in a capillary we have 

„ iraHiP 

where Fi is the volume of liquid flowing in time h, a is the radius 
of the capillary,' <5 is the length of the capillary, v is the viscosity of 
the liquid and P is the pressure forcing the liquid through the 
capillary. P, the average pressure head, was calculated in the 
following manner. The time of outfloAV of pure Avater in the clean 
viscosimeter with a 10 cc. working volume w^as determined. The 
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working volume vas then increased by 5 cc. and the nev, time of 
outflovi’ obtained. The addition of 5 cc. of water was equivalent 
to decreasing the average pressure head by 2.34 cm. of water. 
Two simultaneous Poiseuille equations were obtained. By elim- 
inating the constants common to the two equations, an expres- 
sion was obtained for the average pressure head in terms of the 
two times of outflow and the decreased pressure head due to the 
addition of the 5 cc. of water. The average pressure for a 10 cc. 
working volume was calculated to be 1.92 X 10* djmes per sq.cm. 
a, the average radius of the capillary, was calculated by substitut- 
ing the average pressure head and the other known quantities in 
Poiseuille’s equation and solving for a. 

For a liquid making a contact angle of 90° with the reservoir 
tube, however, P has been decreased by the pull exerted by the 
surface tension of pure water on the wall of the reser\'oir tube, 
so that wo have in this case 



where cr is the surface tension of pure water at 35° and assigned 
the value of 70.7 dynes per cm. and r is the radius of the resen’oir 
tube and is equal to 0.825 cm. Equating volume Fi to volume 
F:, and transposing, we have 

— — i — — 

t,~ ~ Pr 

Substituting numerical values, we find that ti/li is equal to 0.9919, 
or, since h is equal to 98.75 seconds, h is equal to 99.65 seconds 
and the diSerence between the water constant of the clean vis- 
cosimeter and that whose interior surface is coated with adsorbed 
protein is 0.90 second, which compares favorably with the ob- 
ser^-ed difference of 0.92 second. This calculation shows that 
surface tension effects are entirely capable of accoimting for the 
increased water constant of the viscosimeter. The hiatus in the 
■^Tscosity-concentration curve is probably due to abrupt changes 
in the protein surface film as the protein concentration is in- 
creased. Bull (1) has already described such changes taking place 
at about 0.2 per cent egg albmnin concentration. Such changes 
would be expected to alter the wetting qualities of such a film 
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Results 

Fig. 2 shows the specific viscosity as a function of protein con- 
centration for solutions of native, of heat-denatured, and of urea- 
denatured egg albumin in the presence of 0.2 m phosphate buffer 
at pH 8.00. The heat-denatured solutions were made by adjust- 
ing the protein solutions to pH 8.00 with 0.1 m NaOH, heating on 
a boiling water bath for 7 minutes, cooling, and adding the phos- 
phate buffer and making up to volume. The solutions of urea- 
denatured protein were prepared by adding 1 gm. of urea per cc. 



Fig. 2. The specific viscosity of egg albumin solutions as a function of 
protein concentration. Curve 1, urea-denatured egg albumin; Curve 2, 
heat-denatured; Curve 3, native egg albumin. All solutions are at pH 8.0 
in the presence of 0.02 m phosphate buffer. 

of the protein solution. At the end of 1 hour’s standing at room 
temperature the phosphate buffer was added and the solutions 
made up to volume and their viscosities determined. It will be 
noted that the viscosities calculated for the 0.2 and 0.4 per cent 
native protein solutions are slightly above the straight line con- 
necting the values for the 0.6 and 0.8 per cent solutions with the 
origin (see Fig. 2). This is the same effect as is shown in Fig. I. 
The specific viscosity of the heat-denatured and of the urea- 
denatured solutions did not show this effect and all points for the 
denatured protein solutions fall on a smooth curve. It is also to 
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be noted that the viscosities of the solutions of both the urea- 
denatured and heat-denature^departed from a straight line rela- 
tion with increasing protein concentration. 

The question arose as to what extent the protein in contact with 
the urea had been denatured. To determine this 1 gm. of urea 
was added to each cc. of protein solution at the isoelectric point 
and the solution allowed to stand at room temperature for 1 
hour. The solution was diluted and brought back to the iso- 
electric point vnth. the addition of acid (there is a change of pH 
upon denaturation), a small amount of NajSOi was added, and 
the precipitated denatured protein centrifuged and washed twice 
with water by decantation. The precipitate of denatured pro- 
tein was finally transferred to a weighing bottle and dried at 105° 
to a constant weight. That all the urea-denatured protein had 
been precipitated was established by the fact that the filtrate gave 
a negative nitroprusside test. This analysis showed that 86.5 
per cent of the protein had been denatured by the urea treatment. 
The viscosities of the solution of urea-denatured protein, as is 
shown in Fig. 2, really represent, therefore, the viscosity of mix- 
tures of 86.5 per cent urea-denatured and 13.5 per cent native 
protein. Estimates of the specific viscosity of solutions of com- 
pletely urea-denatured protein were made by calculating the 
time of outflow of a native protein solution whose concentration 
was 13.5 per cent of the total protein concentration. This time of 
outflow was then used in place of the water constant from which 
the relative viscosity of the urea-denatured protein solutions, 
whose concentrations were 86.5 per cent of that of the total pro- 
tein in solution, were obtained. This calculation assumes the 
viscosities of the urea-denatured and native protein solutions to 
be additive. 

The volume of protein per cc. of solution was then calculated 
by multiplying the weight of protein per cc. of solution by 0.746 
(specific volume of egg albumin). The values obtained were di- 
vided into the corresponding specific viscosities and this function 
ivi/<p) plotted against protein concentration. These curv'es were 
extrapolated to 0 protein concentration to yield values for vt/v 
at 0 protein concentration. The tii/ip values obtained in this 
manner were 5.5 for native, 9.3 for heat-denatured, and 12.3 for 
completely urea-denatured protein. 
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An attempt was made to determine the viscosity of egg albumin 
denatured by guanidine hydrochloride but it was not found possi- 
ble to prepare solutions of protein so denatured that were clear 
and did not contain visibly suspended particles. 

DISCUSSION 

The Poison equation (13) can be written in the following form, 

= 4.0 + 0.098 (a/6)2 

where c/b is the ratio of the major and minor axis of a prolate 
ellipsoid. Substituting the i;«/^ values reported above, we have 
for the native egg albumin molecule an asymmetry of 3.9:1, for 
heat-denatured 7.4:1, and for urea-denatured 9.2:1, all at pH 8.00 
in 0.02 M phosphate buffer. 

It is evident from these studies on viscosity that even urea-de- 
natured egg albumin still has considerable structure and is not 
simply a polypeptide chain in the /3-keratin form, since the egg 
albumin molecule, if it existed as a /5-keratin chain, should he 
about 1000 A. units long and about 10 A. wde, which would yield 
an asymmetry of 100:1. 

It is interesting to note that Greenstein (3), in a study of the 
sulfhydryl groups exposed, upon denaturation found 0.5 per cent 
sulfhydryl expressed as cysteine for heat-denatured and 1.06 
per cent for urea-denatured albumin. The greater sulfhydryl 
for urea denaturation parallels the greater asymmetry of this 
form of the molecule. 

Williams and Watson (14) reported the molecular weight of 
urea-denatured egg albumin to be 21,000 as deteimined by the 
ultracentrifuge when the diffusion constant of a spherical particle 
of this size was used in the calculation of the molecular weight. 
This finding is not substantiated by osmotic pressure measure- 
ments of Huang and Wu (4) and by Burk and Greenberg (2). 
It is probable that the apparent discrepancy between the value 
obtained by the ultracentrifuge and that by osmotic pressure 
measurements may be due to the fact that the urea-denatured egg 
albumin molecule is not spherical but has, as shown by this re- 
search, an approximate asymmetry of 9.2:1 as calculated by Poi- 
son’s equation. Perrin’s (12) equation relates the asymmetry 
of a molecule to the ratio of the real diffusion constant to that of a 
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molecule having the same mass but spherical in shape. Sub- 
stituting the asymmetry of the completely urea-denatured mole- 
cule as determined by Poison’s equation in Perrin's equation, \vc 
find that the real diffusion constant of the urea-denatured egg 
albumin is only 0.66 of that of a spherical molecule of the same 
vreight. Substituting tins value in the sedimentation equation 
and using Williams and Watson’s sedimentation constant, n-e find 
the molecular weight of urea-denatured egg albumin to be 32,000. 
This value compares favorably with that reported by Huang and 
Wu of 32,500 and lends support to the degree of asymmetry as 
calculated by Poison’s equation. 

SUMMASY 

1 . The technique is described for the measurement of the vis- 
cosity of dilute solutions (less than 1 per cent) of egg albumin. 

2. A remarkable hiatus in the concentration to apparent tris- 
cosity relation is described. The cause of this hiatus is suggested 
as being due to lack of wetting of the glass surface by an advanc- 
ing surface of dilute egg albumin solutions. As the concentration 
is increased, the wetting characteristics of the surface film 
abruptly change. The more concentrated solutions wet glass 
completely. 

3. The viscosities of solutions of native, of heat-denatured, 
and of urea-denatured egg albunain have been measured and the 
asymmetry of these forms of the albumin molecule calculated. 
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STUDIES ON BIOLOGICAL OXIDATIONS 
YTTT . the oxidation-reduction potentials of spiro- 

GRAPHIS HEMIN AND ITS HEMOCHROMOGENS 
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Warburg and his coworkers ( 1 , 2 ) have suggested that the iron 
porphyrin catalysts which act as the last link for the transfer of 
electrons from oxidizable substrate to molecular oxygen are of 
the pheohemin type; they found that the spectrum of the CO 
compound of Spirographis hemoglobin resembled the spectrum 
of the CO compound of the Sauersloffubertragendes Ferment der 
Atmung. Warburg el al. ( 3 ) prepared pure crystalline Spiro- 
graphis hemin, to which the empirical formula of C32H32N4OS- 
FeCl ± IC ± IH was assigned. The chemical study of Spiro- 
graphis hemin was continued and brought to a successful conclu- 
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CHjCOOH CHoCOOH 

II. SpirograpMs hemin 


sion by Fischer and von Seemann (4). blood hemin is 

1,3,5, 8-tetramethyl-2 , 4-divinylporphin-6 , 7-dipropionic acid 

FeCI (Formula I), Spirographis hemin is l,3,5,8-tetramethyl-2- 
formyl-4-vinylporphin-6, 7-dipropionic acid FeCl (Formula II). 
The replacement of the 2-vinyI group of blood hemin by a formyl 
group in Spirographis hemin is accompanied by a shift of the ab- 
sorption bands towards the red end of the spectrum (Fox (5), 
Warburg ei al. (3)). It has been suggested by Fischer and von 
Seemann (4) that Spirographis hemin is formed by oxidation of a 
vinyl group of protohemin in position 2. Proceeding with the 
determination of the oxidation-reduction potentials of iron por- 
phyrins of biological importance, this paper presents data for the 
potentials of Spirographis hemin and some of its hemochromogens. 

EXPERIMENTAL 

The sample of Spirographis hemin was kindly furnished in 1932 
by Dr. Reid from Professor Warburg's laboratory. Apprecia- 
tion and thanks for this assistance are here extended to both of 
them. The titrations were performed with a Rehberg micro- 
burette containing 0.2 cc. of titrating solution. The titration 
vessel was so constructed as to leave the rubber stopper free to 
receive only the burette tip and two platinum electrodes (Fig. !)• 
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A mercurj' seal between the burette tip and the vessel allowed a 
free vertical motion of the vessel, which was produced by means of 
a lever (b) placed at the bottom of a disk supporting the titra- 



Fig. 1. Apparatus for potentiometric microtitrations, a is the opening 
through which the purified nitrogen is passed; 6, the lever at the bottom of 
the disk supporting the titration vessel. 

tion vessel. This device makes it possible to get from the burette 
quantities of reagent as small as 0.001 cc. Purified nitrogen 
entering the titration vessel through a was kept bubbling through- 
out the titration, and 1 drop of caprylic alcohol was added to the 
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solution to avoid foam formation. The titration vessel Avas con- 
nected to the calomel electrode by a capillary tube containing 
agar-saturated KCl which was prepared according to Borsook 
and Schott (6). The potentials were measured at 30° by a type 
K Leeds and Northrup potentiometer, with the Michaelis stand- 
ard acetate (pH 4.62) used as reference electrode. Titrations 
were performed on 10 cc. of 0.0001 m Spirographis hemin, NajSjOi 
being used as reducing agent. 


Determination of Potentials 

Titration of Spirographis hemm was performed at two pH 
values, 9.63 and 7.224. The same difficulties as those experi- 
enced in the titration of blood hemin (7) were found here, the 
electrodes giving stable e.m.f. values very slowly at the beginning 
and erratic values at the end of the titration. At a pH value of 
7.224, the Spirographis hemin was titrated in Clark’s phosphate 
buffer (8) by dissolving the hemin in NaOH solution and adding 
afterwards the required amount of the KH 2 PO 4 solution. Up to 
85 per cent reduction the titration values agreed satisfactorily 
with calculated values from the equation 


„ RT (Fe'*"*' hemin) 

* ** nF hemin) 


( 1 ) 


where n = Beyond that point there was aggregation and the 
E.M.F. values became erratic. At pH 9.66 the hemin was dis- 
solved in borate buffer. The E'^ value at pH 7.22 was —0.089 
volt; at pH 9.63, —0.230 volt. The —dE'o/d pH value seemed to 
be about 60 millivolts per pH unit as in blood hemin. 

In the titration of hemochromogens, since the amount of Spiro- 
graphis hemin was insufficient for titrations at different concentra- 
tions of nitrogenous base, the same concentrations of base were 
used as those required to saturate blood hemin (7). Cyanide, 
pilocarpine, and a-picoline hemochromogens were prepared and 
titrations performed with Na 2 S 204 in borate buffer at the follow- 
ing pH values; 9.95 for cyanide hemochromogen, 9.63 for pilo- 
carpine hemochromogen and a-picoline hemochromogen (Fig. 2). 
Cyanide and pilocarpine hemochromogenes gave Eh values closely 
agreeing with those obtained from Equation 1 where n = 1- 
a-Picoline hemochromogen behaved like pyridine hemochromogen 
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when tvtTated at pH 10.8 (7), the Ek values occupjnng an interme- 
diate position between those given by the electrode equation with 
n - 1 and those given when n - 2. This is probably due to 



Fig. 2. Oxidation-reduction potentials of Spirographis hemin and its 
hemochromogens. The abscissa teprcsents per cent oxidation; the or- 
dinate, Ek in volts; O, experimental findings; solid line, theoretical curve 
for values of Eh — E'o — {RT/nF) In (Fe''^/Fe+^), Curve 1, a- 
picoUne hemochromogen titrated at pH 9.63 (concentration of a-picoline, 
1 m) ; Curve 2, pilocarpine hemochromogen titrated at pH 9.63 (concentra- 
tion of pilocarpine, 0.06 m) ; Curve 3, Spirographia hemin titrated at pH 
7.22; Curve 4, cyanide hemochromogen titrated at pH 9.93 (concentration 
of KCN, 0.07 St) ; Curve 5, SpiTographis hemin titrated at pH 9.63. 

polymerization and aggregation. The E'o values found by titra- 
tion of these hemochromogens were as follows: —0.113 volt for 
cyanide Spirographis hemochromogen, —0.068 volt for pilo- 
carpine Spirographis hemochromogen, —0.010 volt for a-picoline 
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Spirographis hemochromogen. In Table I these values are com- 
pared with the E'o values of blood hemin and its hemochromo- 
gens. The oxidation of the vinyl group in position 2 in the por- 
phyrin of blood hemin to give the formyl group in the porphyria 
of SpirograpMs hemin is thus accompanied with a shift of the 


Table I 

E'o Values of Spirographis Hemin and Its Hemochro7nogens As Compared 
with Those of Blood Hemin and Its Hemochromogens 



pH 


Spirographis hemin 

9.63 

toll 

-0.230 

Blood hemin j 

9.63 

-0.316 

Spirographis hemin 

7.22 

-0.089 

Blood hemin 

7.22 

-0.128 

Cyanide Spirographis hemochromogen 

9.95 

-0.113 

“ hemochromogen 

9.95 

— la 

Pilocarpine Spirographis hemochromogen 

9.63 


" hemochromogen 

9.63 


«-Picoline Spirographis hemochromogen 

9.63 


“ hemochromogen 

9.63 





Table II 

Position of Maximum Absorption Spectrum Bands of Ferrohcmochromogens 
of Spirographis Hemin and Blood Hemin 


Hemoobromogen 

Spirographis 

hemin 

Blood hemin 

Cyanide j 

A. 

5675 

A. 

5365 

“ Spirographis 

5930 

5500 

Pilocarpine 

5562 

5265 

“ Spirographis 

5883 

5441 

a-Picoline 

5555 

5215 

" Spirographis 1 

5850 

5375 



! ■ — 


potentials towards more positive values. Whether this shift in 
the potential is accompanied by a change in the catalytic power is 
not yet knowm. 

The position of the maximum absorption spectrum bands of the 
ferrohemochromogens here studied is given in Table II, together 
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that of the corresponding ferrohcmochromogens from blood 
hemin. In every case the two bands in the visible portion of the 
spectrum of the SpivogTaphis ferrohemochromogens were shifted 
towards the red end of the spectoim, by 255 A. in cyanide, by 
321 A. in pilocarpine, and by 295 A. in a-picoline hemochromogen. 
Warburg and Negelein (2) give 584 mu for the a band of 
pyridine Spirographis hemochromogen as compared with 557 m;x 
for the hemochromogen of blood hemin. A displacement in the 
same direction occurs in the great Soret band. Situated in the 
vicinity of 4000 A. in blood ferrihemin, it is displaced to 4200 A. 
in Spirographis ferrihemin (IVarburg and Negelein (2)). In 
cyanide ferrihemochromogen this band has its maximum at 
4225 A. (9); it was shifted to 4500 A. in cyanide Spirographis 
ferrihemochromogen. The displacement of the absorption spec- 
trum bands of iron porphyrins towards longer wave-lengths when 
the values of the oxidation-reduction potentials approach that of 
oxygen, as observed here, will be discussed when the potentials 
and absorption spectra of pheohemins are reported. 

SUMMARY 

The oxidation-reduction potentials of Spirographis heihin 
(1 , 3 , 5 , 8 - tetramethyl-2-formyl-4-vinylporphin-6 , 7-dipropionic 
acid FeCl) and some of its hemochromogens have been determined 
by electrometric titration at 30°. The E'^ value of Spirographis 
hemin at a pH value of 7.22 was —0.089 volt; at pH 9.63, —0.230 
volt. The E'o value of cyanide Spirographis hemochromogen at 
pH 9.95 was —0.113 volt; that of pilocarpine Spirographis hemo- 
chromogen at pH 9.63 was —0.067 volt; that of a-picoline Spiro- 
graphis hemochromogen at pH 9.63 was —0.010 volt. In every 
instance the E'^ value was more positive than that of blood hemin. 
The absorption spectrum bands of Spirographis hemin and its 
hemochromogens were shifted towards the red end of the spec- 
trum by about 300 A. as compared nith those of blood hemin. 
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ANTIKETOGENIC AND GLYCOGENIC ACTIVITY OF 
CITRIC ACID 
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{From the Scripps Metabolic Clinic, La J olla, California) 

(Received for publication, December 1, 1939) 

Citric acid has long been known to be readily oxidized by the 
mammalian organism but until recently the details of its inter- 
mediate metabolism have remained obscure. Martius and 
Knoop (1, 2) have demonstrated that a-ketoglutaric acid is 
produced by the action of liver dehydrogenase on citric acid. 
Krebs and Johnson (3) foimd both a-ketoglutaric and succinic 
acids to be oxidation products of citric acid in isolated muscle 
tissue and Krebs (4) includes both of these compounds in bis 
“citric acid cycle,” a series of reactions through which he believes 
carbohydrate to be oxidized in animal tissues. Breusch (5) has 
strongly criticized the evidence for the existence of the citric 
acid cycle, at least in muscle. We are not concerned here with 
the details of muscle cell metabolism and it would be surprising 
if exogenous citric acid could be thrown into such a cycle should 
it exist. Of more concern here is the nature of the oridation 
of citric acid, which may take place in the liver. The findings of 
Orten and Smith (6) that the injection of all the compounds 
in the citric acid cycle increased citrate excretion have been taken 
by Krebs to support his scheme. With his coworkers Krebs (7) 
confirmed Orten and Smith and found that a-ketoglutaric acid 
as well as citric acid was excreted after the injection of the members 
of the "citric acid cycle.” Malonate, believed to inhibit the 
enzjunes concerned with the cycle, caused the excretion of succinic 
and lesser amounts of a-ketoglutaric and citric acids. Succinic 
acid is very definitely a glucose former in the intact mammalian 
organism. It yields glucose in the phlorhizinized dog (8, 9), forms 
liver glycogen (10, 11), and is antiketogenic (11). If the route 
citric acid — i . . . — » a-ketoglutaric acid — i . . . — » succinic acid is 
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correct, citric acid should be glycogenic, a property which is 
not generally accepted for it. Lusk (12) interpreted an experi- 
ment of Baer and Blum (13) as evidence that citric acid could 
form glucose, as there was an increase in glucose excretion when 
sodium citrate was administered to a phlorhizinized dog. Green- 
wald (14) found that the administration of sodium citrate to 
phlorhizinized dogs and to a patient with diabetes mellitus was 
followed by an increased excretion of glucose, concluding that 
there was a conversion of the 6 carbon atoms of citric acid to 
glucose. Ftirth et al. (15) have reported that in a phlorhizinized 
dog citric acid exerted neither an antiketogenic nor a glycosuric 
effect and failed to find any increase in liver glycogen from feeding 
it to rats. 

The question of the glycogenic action of citric acid has been 
examined in a number of different ways. The ability (1) to over- 
come the effects of insulin hypoglycemia, (2) to form liver glyco- 
gen, and (3) to exert antiketogenic action has been consid- 
ered. A study of the ability of citric acid to form glucose in 
the phlorhizinized dog would also have been desirable and was 
attempted without success. The marked influence of an alkalosis 
on citric acid metabolism (16-19) made it necessary to feed the 
free acid and not the sodium salt. Citric acid solutions, adminis- 
tered by stomach tube, are retained very poorly by normal fast- 
ing dogs and the phlorhizinized fasting organism is remarkably 
sensitive. Experiments were carried out on eleven dogs and in 
no case was an appreciable amount of the citric acid retained, 
even when doses of only 2 gm. in 1 per cent solution 'were used. 

Relief of Insulin Hypoglycemia by Citric Acid — It is generally 
agreed that only those substances ■which, on enzymatic hydrolysis 
by the tissues or action by the liver, yield glucose are capable of 
overcoming insulin hypoglycemia. A comparison of the effect 
of citric acid with glucose in this regard is presented in Table I. 
Regular insulin of 40 units per cc. strength "was used. The glu- 
cose and citric acid solutions Avere administered by stomach tube. 
Many of the rats Avhich recovered AA'^ere prostrate or even had con- 
vulsions, during the period after the insulin ■u^as given, before they 
recovered. 

It is obvious from the data in Table I that citric acid is capable 
of overcoming insulin hypoglycemia and it would seem probable 
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Table I 

Comparison of Effect of Citric Acid with That of Glucose in Relieving Insulin 
Hypoglycemia in Rats 


s 

I 

S o 

Group No. 

C 

'S 

c 

z 

Treatment 

Body 

1 weight 

1 Aver- 
; ago 
body 

1 *ViT- 

facc 

1 

Result 

No, i 
died ; 

1 

Time 

1 

No. 

recov- 

ered 


) 



fftn. 

* 3 .dm. 


Arj. 


1 

1 

3 

Controls 

154-186 

3.5 

3 

8, 8, 9 i 

0 


2 

3 

Glucose 

159-173 

3.4 

I 3 ; 

1 11, 12, 13 ; 

0 


3 

! 3 

Citric acid ! 

154-179 

3.4 


1 1 
i 

3 

2 

1 

3 

Controls 

228-270 

4.4 

3 

! 14, 15, 17 

0 


2 

3 

Glucose 

192-238 

4.1 1 

1 1 


2 


3 

3 

Citric acid i 

232-300 

4.6 j 

0 ! 

1 

1 

3 

3 

1 

8 

Controls 

247-345 

5.1 

5 

1 4, 5, 6, 10, 12 

3 


2 

8 

Citric acid 

264-324 

5.1 

0 

i 

8 

4 

1 

3 

Controls 

177-20S 

3.9 

3 

1 3.3, 3.5, 4.1 

0 


2 

3 

Glucose 

i 177-227 

3.9 

3 

3.5, 3.6, 5.7 

0 


3 

3 

Citric acid 

i 181-215 

3.8 

3 

6.7,7.3,11.1 

: 0 


Experiment J~Female rats fasted for 48 hours; then given 2.5 units of 
insulin per sq.dm, of body surface intraperitoneally at the 0 hour of the 
experiment. The dose mas repeated in 5 hours. Solutions of 0,5 .u glucose 
and citric acid were given to the respective groups at 0.5 hour in doses of 
1.0 cc. per sq.dm, of body surface. The citric acid was too concentrated 
and when the doses were repeated at 6.25 hours the citric acid group re- 
ceived only 0.5 cc. per sq.dm, of body surface. 

Experiment 2— Male rats fasted for 48 hours; then given 5 units of insulin 
per sq.dm, of body surface subcutaneously at 0 hour. At 3.5 hours all were 
very weak and were given 0.5 cc. per sq.dm, of the two solutions in concen- 
trations of 0.5 M. At 6 hours these doses were repeated. 

Experiment S— Male rats fasted for 72 hours; then given 4 units of insulin 
per sq.dm, of body surface subcutaneously at 0 hour. Citric acid in 0.25 m 
solution given to one group in a dose of 1 cc. per sq.dm, of body surface 
immediately afterward. 

Experiment ^—Female rats fasted for 24 hours before being given 10 units 
of insulin per sq.dm, of body surface by the subcutaneous route at the 0 
hour of the experiment. At 1.25 hours all were prostrate. At 1.5 hours 
0.5 cc, per sq.dm, of body surface of the solutions was given. At 3 hours 
the rats were all in convulsions and at 3.25 hours the doses of glucose and 
citric acid were repeated. 

from this that it may form glucose in the organism. On a molec- 
ular weight basis it would seem to be more active than glucose. 
We would hesitate to draw any conclusions from this as to the 
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quantity of glucose which a given amount of citric acid may peld, 
for as we will show elsewhere the speed of formation of glucose is 
just as important as the amount of glucose a substance may form 
in overcoming insulin hj^DOglycemia. It is probable that citric 
acid forms glucose rather slowly and for this reason is more active 
than glucose itself in equimolecular quantities. If we follow 
Krebs’ scheme (4) for the oxidation of citric acid by muscle and 
assume that the route of glucose formation from citric acid by the 
liver is the same, 2 moles of citric acid — 1 mole of glucose. 

Formation of Liver Glycogen by Citric Acid — The glycogenic 
action of citric acid is quite marked. The experiments in which 
this is demonstrated are detailed in Table II. The administra- 
tion of citric acid always caused a definite increase in the amount 
of hepatic glycogen. Since there was no increase in nitrogen ex- 
cretion which might be taken as evidence that the extra glycogen 
arose from protein breakdo^m, we must assume that the glycogen 
was formed from the citric acid. This is further evidence that 
citric acid may form glucose in the organism. It may be seen 
from Experiment 4 that sodium citrate formed less glycogen than 
the free acid. This appears to be a result of the influence of an 
alkalosis on citric acid metabolism, which will be considered 
elsewhere. The method of Good et al. (20) was used for the glyco- 
gen determinations. 

Antiketogenic Activity of Citric Acid — In so far as we are aware 
any substance which has antiketogenic activity is able to form 
glucose in the organism and conversely all glycogen formers show’ 
antiketogenic action. Since citric acid is a glycogen former, it 
should be antiketogenic, and this is the case. Following a diet 
low in protein, a good fasting ketosis ensues in rats (11). The 
data in Table III were obtained from such fasting rats by methods 
described elsewhere (11). After removal from the diet the rats 
were fasted for a day before observations were commenced. 

Collection of a blood sample for acetone body determination 
involved sacrifice of the animal and the number of rats in a group 
from which urine collections were made was reduced by two when- 
ever blood samples were taken. Urine acetone bodies were deter- 
mined by Van Slyke’s method (21) and blood acetone bodies by 
the method of Barnes and Wick (22). 

The results in Table III show very clearly, both from the urine 
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excretion of acetone bodies and the blood levels, that citric acid 
has a marked antiketogenic action. Although the experiments 
were not designed to make a quantitative comparison of the 
activity of glucose and citric acid, the data suggest that mole for 
mole citric acid is about half as active as glucose, which is what 
theory demands. 


SUMJ.IART 

In the albino rat citric acid is as effective as glucose in the relief 
of insulin hypoglycemia, active in the formation of liver glycogen, 
and has a marked antiketogenic action. 
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THE ESTIMATION OF HISTIDINE 
Bt RICHARD J. BLOCK 

(From ihc Department of Biochemistry, New York Stale Psychiatric Institute 
and Hospital, New York) 

(Received for publication, December 1, 1939) 

During our experience with the silver precipitation method for 
the determination of the basic amino acids, the procedure for 
histidine has been changed repeatedly. A histidine value of 
approximately 0.9 per cent for mammalian serum proteins, re- 
ported by Block, Darrow, and Caiy (1) in 1934 and obtained by 
precipitation of the diflavianate, was shortly thereafter (2) 
replaced by the value of 2.1 per cent when the histidine precipi- 
tated with silver at pH 7.4 was estimated by a modification of the 
Kapeller-Adler method. The nitranilic acid method (3), which 
is now in regular use and yields results agreeing well with the 
higher values, is here described in detail. 

The results given in the experimental part suggest that the 
histidine present in a protein hydrolysate can be recovered 
quantitatively by precipitation with silver at pH 7.4 followed by 
nitranilic acid. It must be remembered, however, that a varying 
proportion of the histidine may be destroyed during the hydrol- 
ysis. Thus Schenk (4), Csonka (5), Block (6), and othere have 
reported the failure to isolate histidine after acid hydrolysis of 
whole yeast, although no difficulty was encountered by the latter 
two investigators when the yeast proteins were first separated 
from the bulk of the carbohydrate impurities. 

EXPERIMENTAn 

The experiments described below are only a few of the eighty- 
odd carried out in an effort to improve the determination of 
histidine in proteins. 

Three 135.5 mg. portions of histidine hydrochloride monohy- 
drate (m.p. 255°, N 20.0 per cent, theory 20.0 per cent) were 
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dissolved in 15 cc. of water and 225 mg. of nitranilic acid dissolved 
in 25 cc. of water, acetone, or methanol were added. The sides 
of the flasks were scratched and the solutions were placed in the 
refrigerator overnight. Histidine nitranilate (CeHjOzNj.- 
C 6 H 2 O 8 N 2 ) weighing 249, 251, and 250 mg. was obtained. These 
values, when calculated as histidine (factor 0.403), indicate a 
quantitative recovery. 

In order to ascertain the recoveiy of histidine from protein 
hydrolysates, the following experiments were conducted. 5.000 
gm. of gelatin, casein, or cattle blood proteins were hydrolyzed 
with 50 cc. of 8 N sulfuric acid. The amino acid hydrolysates 
were diluted to 100 cc. and the solutions were divided in 2 equal 
parts. 135 mg. of histidine hydrochloride hydrate were added 
to one portion of each protein hydrolysate and the histidine was 
isolated as follows: The amino acid solutions were diluted to 
200 cc. and warm concentrated barium hydroxide was added to 
pH 3.5 to 4.0. The barium sulfate was removed by centrifuga- 
tion and washed twice with hot water. The clear filtrates were 
concentrated to approximately 100 cc. in vacuo and the histidine 
was precipitated as the silver salt at pH 7.4. The histidine 
silver was centrifuged off and the precipitate washed with water. 
The silver salt was then suspended in water, acidified with dilute 
sulfuric acid, and the silver removed with hydrogen sulfide. The 
histidine sulfate solution Avas concentrated to approximately 200 
cc. and the pH of the solution adjusted to 3.5 to 4.0 with dilute 
barium hydroxide. The precipitate was removed and Avashed. 
The filtrates Avere concentrated to 10 cc. and the histidine Avas 
precipitated from a 50 per cent methyl alcoholic solution by an 
excess of solid nitranilic acid. After standing overnight, the 
histidine nitranilate Avas filtered on sintered glass crucibles, Avashed 
Avith methanol and ether, and dried at 1 10°. The folloAving results 
Avere obtained. 

Gelatin + histidine yielded 266.6 mg. histidine nitranilate* 

“ yielded 21.5 mg. histidine nitranilate* 

Recovery 99% 

Casein -t- histidine yielded 372.8 mg. histidine nitranilate* 

“ yielded 134.0 mg. histidine nitranilate* 

Recovery 96% 
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Blood proteins + histidine yielded 594.0 mg. histidine nitranilatc* 

“ “ yielded 339.6 mg. histidine nitranilatc* 

Recovery 103% 

* N = 18.0 to 18.1 per cent; calculated 18.2 per cent. 

100 mg. portions of histidine nitranilate (except in the case of 
gelatin) obtained above vere dissolved in a solution of 90 cc. of 
water, 85 cc. of acetone, 1 cc. of n hydrochloric acid, 1 cc. of 5 n 
sulfuric acid, and 10 cc. of 25 per cent potassium chloride. The 
precipitate of dipotassium nitranilatc was washed with 2.5 per 
cent potassium chloride in 50 per cent ethanol. Total nitrogen 
determinations on the filtrates gave 10.9 to 11.2 mg., calculated 
for 40.3 mg. of histidine 11.1 mg. 
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BASIC AMINO ACID CONTENT OF HUMAN SERUM 

PROTEINS. THE INFLUENCE OF THE INGESTION 
OF ARGININE ON THE COMPOSITION OF THE 
SERUM PROTEINS* 

By RICH.^RD J. BLOCK 

(From the Department of Biochemistry, New York State Psychiatric Institute 
and Hospital, New York) 

(Received for publication, December 1, 1939) 

Dirr (1) has recently reported that the administration of 3 gm. 
of arginine monobydrochloride intravenously or of 5 gm. orally 
resulted in a veiy considerable increase in the arginine content of 
the serum proteins. In one instance, he reported that the 
amount of arginine tvas increased from 5.42 to 8.15 per cent 1 hour 
after feeding 5 gm. of arginine hydrochloride. Dirr made use of 
a modification of the Sakaguchi (2) reaction to determine the 
arginine content of the serum proteins. The importance of this 
observation prompted us to repeat these e.xperiments. 

KXPERmENTAL 

Blood was drawn from one male and one female patient who were 
recovering from fractures of the leg but who were physically 
normal in all other respects. The initial sample was taken in the 
morning before breakfast. The subsequent samples were taken 
at stated intervals after the administration of 12.5 and 24 gm. 
of arginine hydrochloride. The blood was allowed to clot and the 
serum was removed by centrifugation. The sera were acidified 
with 5 N acetic acid to pH 4.5 and, after the addition of 3 volumes 
of dilute sodium chloride, the proteins were coagulated by heat. 
The precipitate was washed three times with hot water, and the 
lipids were removed by extraction with acetone, hot alcohol, 
hot benzene, and ether. Nitrogen was determined by the macro- 

* This investigation was aided in part by a grant from Child Keurology 
Research (Friedsam Foundation). 
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Effect of Arginine on Serum Proteins 

Kjeldahl method. The basic amino acids were estimated on 2.25 
gm. of protein by the modification of the silver precipitation 
procedure in use in^ this laboratory (3). Arginine was isolated 
as the flavianate, histidine as the nitranilate, and lysine as the 
picrate.i The purity of the derivatives was controlled by analyses 
and by melting points. 


Results 

1 he feeding of arginine did not result in any appreciable rise in 
the arginine content of the serum proteins (Table I). The molec- 
ular ratio of histidine to arginine to lysine remained approximately 
constant in all five experiments. The slight rise in arginine from 
3.9 to 4.1 per cent in the male patient is within the experimental 
error of the method. 

In the light of these results, we thought it possible that the 
increases found by Dirr after the feeding of arginine may have 
been due in part to the method he used to prepare the serum 
proteins. The following experiment was, therefore, carried out. 
800 mg. of arginine hydrochloride were added to 160 cc. of pooled 
serum obtained from the above patients. The arginine-containing 
serum Was divided into 2 equal parts and the proteins were iso- 
lated from the one portion by pz-ecipitation with alcohol, according 
to Dirr, and from the other portion by heat coagulation. The two 

* The determination of lysine as described in 1938 has been modified as 
follows: The lysine sulfate solution before being made alkaline with NaOH 
is concentrated to approximately 200 cc. rather than 10 to 25 cc. as sug- 
gested (c/. (3) p.9). The final steps in the isolation of lysine have also been 
changed. Thus, the lysine carbonate solution containing barium car- 
bonate in suspension (cf. (3) p. 10) is concentrated to approximately 150 
cc. and the precipitate is removed by centrifugation. The supernatant 
liquid and washings are returned to the round bottom flask and the lysine 
solution is concentrated at low temperature (25-30°) to approximately 
25 cc. The solution is filtered through soft paper into a 100 cc. round 
bottom flask with a ground glass joint and the lysine solution is concen- 
trated further at low temperature to approximately 3 cc. The capillary 
and sides of the still are washed down with a little water and then thor- 
oughly with absolute alcohol. An excess of picric acid dissolved by warm- 
ing in absolute alcohol is added to the lysine solution, and the sides of -the 
flask are scratched with a stirring rod on which a little pure lysine picrate 
has been allowed to crystallize. The solution is permitted to remain in 
the refrigerator overnight. The lysine picrate which crystallizes out in 
needles of from 1 to 4 mm. in length explodes sharply around 260° without 
recrystallization. 
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protein preparations were analyzed for nitrogen and the basic 
amino acids. The results of these analyses are given in Table I. 
, The amount of arginine in the serum proteins precipitated by 
alcohol, although somewhat higher than that found in the heat- 
coagulated protein preparation, is hardly greater than that due to 
the e.vperimental error of the method, and, even if it were signifi- 
cant, it would account for only a small part of the rise reported by 
Dirr. 

Tabie I 


Basic Amino Acid Content of Human Serum Proteins 


Serum 

; 'nmc after 
; feeding 

1 

Nitrogen 

1 

1 Histidine 

1 

! 

j Arginine 

Lysine 


Kts. 

1 prr cent 

■per cent 

per cent 

per cent 

Male, fed 24 gm. argi- 

0 

14.8 


3.9 

5.9 

nine HCl 

1 

14.3 ! 

2.1 

4.1 

6.1 

Female, fed 12.5 gm. I 

0 

15.2 1 


4.7 

6.8 

arginine HCl 

1.5 

15.2 

2.1 

4.3 

6.2 

Pooled serum + argi- 
nine HCl 

3 1 

j 

15.0 j 

1 

2.1 

4.4 

5.8 

-Mcoliol precipitation 


14.9 

2.0 

4.9 

5.9 

Heat coagulation 

i 

14.9 

2.1 

4.6 

6.0 

Control (1939) 


15.3 


4.1 ! 

5.8 

“ (1934) 

1 

14.7 

1 2.1 i 

4 7 ' 

1 

6.9 


In order to show that the proteins prepared by precipitation with 
2 volumes of alcohol and by heat coagulation were similar in 
composition to those prepared by precipitation with 5 volumes of 
acetone, the average results of four recent duplicate analyses of 
serum proteins prepared by acetone precipitation are given in 
Table I, "Control (1939)." As a further control, an average of 
six duplicate analyses carried out in 1933 and 1934 is included 
in Table I, "Control (1934)." It will be seen that the amino acid 
composition of the serum proteins prepared by all three methods 
is approximately the same. 

STOmARY AND CONCLUSIONS 

1- Human serum proteins prepared by heat coagulation or by 
precipitation with 2 volumes of alcohol or 5 volumes of acetone 
have approximately the same basic amino acid composition. 
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2. Proteins precipitated from serum containing 0.5 per cent of 
arginine hydrochloride yield little if any extra arginine. 

3. In the two human beings studied, the arginine content of (he 
serum 'proteins 'ivas not appreciably increased by the ingestion of 
relatively large quantities of arginine hydrochloride. 

I am indebted to Dr. George A. Jervis for the sera and to Mer- 
rill Webb for invaluable assistance in the analyses. 
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MINERAL METABOLISM OF RATS ON AN EXTREMELY 
SODIUM-DEFICIENT DIET* 

Br ELSA ORENT-KEILES ajjd E. V. McCOLLUM 

{From Ihc Laboralory of Biochemistry, School of Hygiene and Public Health, 
the Johns Hopkins University, Baltimore) 

(Received for publication, December 14, 1939) 

In an earlier paper (14) we have described the symptomatology 
and effect on reproduction in the rat produced by uncomplicated 
deficiency of sodium. Little is known of the specific role of 
sodium in mammalian metabolism in its relations to other meta- 
bolic products. Since this element has generally been considered 
in association with chlorine, the intake of sodium has been de- 
pendent upon the intake of sodium chloride. In the present in- 
vestigation we have studied sodium deficiency as affectmg the 
excretion of nitrogenous compounds, and as affecting the excretion 
of potassium, calcium, magnesium, phosphorus, sodium, and chlo- 
ride, as respects both their absolute amounts and the pathways 
of their excretion. 


Procedure 

Six young rats, litter mates, weighing 35 to 40 gm., were used. 
Three were placed on the experimental diet containing 0.002 per 
cent sodium, and the remaining three were fed the control diet, 
the sodium content of which was 0.66 per cent. The “paired” 
method of feeding was used. At the beginning of the experiment 
the rats were fed their respective diets for a period of 3 days in 
order to determine the food intake of the experimental animals, 
which served as the basis on which the initial food allowance of 
the control rats was determined, the daily intake of each control 
animal being restricted to that of the paired experimental rat. 
The caloric intake as well as all other dietary factors was thus 
equalized. The composition and preparation of the diets have 


* This work was aided by a grant from the Rockefeller Foundation. 
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been described previously (14). Distilled water was allowed ad 
libitum, and the water intake of each individual animal was 
recorded. The rats were weighed at the end of each metabolic 
period, which in this investigation was of 7 days duration. The 
balance studies were continued without interruption until the 
death of the last of the experimental rats, which occurred in the 
nineteenth period. 

The procedure employed for the collection of the urine and 
feces and the methods used in the analysis of these excreta M'erc 
essentially those described by Day and McCollum (2). 

RESULTS AND DISCUSSION 

The results reported here confirm the observations described in 
a previous publication (14) that the effects of sodium deficiency 
in the rat appear to be general in character rather than^pecific. 

As reported previously, the control animals grew better than did 
their pair mates deprived of sodium. During the experimental 
period the average total body weight gain per rat of the animals 
on the sodium-deficient diet was 57.7 gm. and that of the controls 
was 97.5 gm. The average amount of winter consumed was 1074 
ml. and 1720 ml. respectively. The average amount of food 
eaten was 435 gm. and 452 gm. respectively. The amount of 
food consumed per gm. of body weight was 7.5 gm. and 4.6 gm. 
respectively. 

The nitrogen balance figures (Table I) indicate that the rats 
deficient in sodium did not have the ability to utilize protein as 
efficiently as the controls. The sodium-deficient rats retained 
only 760 mg. per rat during the entire 19 weeks, whereas the aver- 
age total retention of the controls was 2095 mg. The retention 
of the deficient animals was fair during the first 6 weeks. At 
about this time, when the first eye symptoms began to appear 
(14), the retention progressively deci’eased till the 14th week, 
when the eyes of the sodium-depleted rats were markedly affected 
and the animals showed a rapid loss of weight (14). At this time 
a negative nitrogen balance ensued and continued until death. 
This is in agreement with the findings of Schoorl (17), who fed a 
sodium-low diet to pigs and rats, and Sjollema (18), who kept 
chicks on a sodium-low diet and observed a low nitrogen balance. 

Since the water consumption of the control animals in this study, 
as indicated, was markedly greater and the control animals had 
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good deposits of fat, whereas the experimental animals were 
markedly lean, as was described in an earlier publication (14), 
the difference in weight between the sodium-depleted and the 
control animals is, probably, due also to the difference in water 
retention and fat sjmthcsis, as well as in the nitrogen balance, 
which is in accord with the observations reported by Kahlenberg, 
Black, and Forbes (10). 

It is not entirely unexpected that the calciiun, phosphonis, 
and chloride excretion in the two groups of rats docs not show any 
considerable difference. Of particular interest is the metabolism 
of potassium in the sodium-deficient rats. In these animals the 
retention of potassium is considerably increased, being 310 mg., 
as contrasted with the control animals, whose retention was 78 
mg. (Table I). The magnesium values indicate a somewhat 
greater retention of this mineral by the sodium-deficient rats, 
being 85 rag., whereas that of the control animals was 65 mg. 
These results suggest that under the experimental conditions 
described here the sodium-depleted animal apparently redis- 
tributes its basic elements in order to maintain acid-base equilib- 
rium and water balance. 

In the control animals the sodium values representing weekly 
balances over a 19 week experimental period show that when the 
animal organism is supplied with adequate amounts of sodium, 
the retention fluctuates considerably during the various metabolic 
intervals. In sharp contrast are the results of the depleted rats 
in which, although the sodium retention is negative, the sodium 
values are practically constant throughout the experimental pe- 
riod. It is evident that sodium is the only element studied here 
which undergoes marked change; its balance is negative from 
the very beginning of the deficiency (Table I), and, although the 
sodium-low diet was acid-forming, the alkaline reseiwe of these 
experimental animals was apparently not endangered, since there 
were no signs of an acidic condition. This confirms the obsenm- 
tions that the rat is very resistant to any disturbance of the neu- 
trality-regulating mechanism of the body (11, 13). 

It is well established that to maintain the electrolytic concen- 
tration of the body fluids, both extracellular and intracellular, 
the sum of the basic elements must balance the sum of the acidic 
elements, for a reduction or increase in the total electrolytes, 
which comprise chiefly the basic radicals Na (extracellular) and 
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Metabolism on Sodium-Deficient Diet 


K (intracellular) and the acid radicals HCO3 and Cl, is accom- 
panied by a corresponding and respective increase or decrease in 
body water. The reason for the difference in the water consump- 
tion of the sodium-deficient animals and those receiving sodium is 
easily explained, since it is well known that changes in the base 
and water content of the organism parallel one another. Gamble 
and his associates (3, 5, 7) have demonstrated that conditions 
under which the water content of the body is reduced lead to the 
excretion of an equivalent amount of base and, conversely, con- 
ditions which deplete base are attended by equivalent losses of 
water (4, 6, 8). Thus retention of base entails retention of water, 
and accumulation of water is associated with storage of base. 
When the water changes affect chiefly the extracellular fluids, the 
base simultaneously retained or lost is chiefly sodium. Sodium 
appears to be directly related to the water content of tissues, for 
water is not retained by the tissues unless they are supplied with 
sodium in spite of the fact that there is an abundance of chloride. 
Here again is pointed out the fact that the relation of sodium to 
water metabolism is close. The chloride metabolism of the so- 
dium-low diets was apparently not disturbed in spite of the close 
physiological relationship between sodium and chloride (15, 16). 

A physiological relation between sodium and potassium has been 
postulated by Bunge (1) and others (9, 12, 19) that in normal ani- 
mals large intake of sodium causes excretion of potassium; the 
results in this study suggest that in case of small intake of sodium 
there is retention of potassium. 

It appears, then, that, despite a limitation of sodium in the 
diet, severe enough to retard growth and impair the function 
of the animal organism, as desci-ibed earlier (14), and despite an 
unbalance in the diet between base and acid, the sodium-depleted 
animal is sufficiently compensated by the increased retention in 
potassium and magnesium for neutralization of the metabolic 
acids excreted in the urine, and hence the delicate mechanism in 
the organism regulating the osmotic pressure and acid-base bal- 
ance is not disturbed appreciably. 

SUMMARY 

The effects of a diet extremely deficient in sodium on the me- 
tabolism of the rat were studied over a period of 19 weeks. Bnl- 
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ance determinations of sodium, potassium, calcium, phosphorus, 
magnesium, chlorine, and nitrogen in both urine and feces were 
made at 7 day intervals throughout the experimental period. 
There was a continuous negative sodium balance. The calcium, 
phosphorus, and chlorine metabolism did not seem to be affected. 
There was some indication of an increased retention of magnesium. 
The most striking effect of the deficiency was on the potassium, 
which showed a marked retention. The nitrogen retention, al- 
though progressively decreasing till the 14th week of the experi- 
ment, was positive. From that time on, i.e. the 14th week, it 
became negative simultaneously with the extreme pathological 
changes of the eyes and the onset of rapid loss of weight. 

Rebecca Snyder, Helen Diering, and Betty Eckenrode made the 
analytical determinations. 
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HYALTfRONIC ACID IN THE PLEURAL FLUID ASSOCUTED 
WITH A MALIGNANT TUMOR INVOLVING 
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Mucilaginous tiunors and tumor fluids occur quite frequently. 
The nature of the mucilaginous constituent, however, has been 
determined in only one instance; Kabat (2) isolated a viscous 
polysaccharide acid from the tissues and a cyst of a tumor of a 
filtrable fowl sarcoma. This polysaccharide was .shown by its 
chemical properties and by enzymatic hydrolysis to be veiy similar 
to, if not identical with, hyaluronic acid which has been found in 
cattle and pig vitreous humor (3, 4), human umbilical cord (3), 
cattle and human sjmo-vial fluid (5), and Group A hemolytic 
streptococci in the mucoid phase (6). Probably the mucoid cap- 
sule of Group C hemoljdic streptococci also contains hyaluronic 
acid (7). 

In this paper the isolation of hyaluronic acid from the fuscous 
jfleural fluid of a patient 'ndth a malignant tumor of the pleura and 
peritoneum is reported. The fluid was obtained through the 
courtesy of Dr. R. Loeb of the Department of Medicine. Clini- 
cally and pathologically the tumor was diagnosed as a mesothe- 
lioma or endothelioma. The peritoneal fluid had the same appear- 
ance as the chest fluid. It is quite obvious that the tumor cells 
themselves are the source of the hyaluronic acid, for this type of 
tumor frequently produces viscous fluids in the serous cavdties (8). 
Furthermore, the usual transudates and exudates of the pleura 
and peritoneum are not \’iscous, even when a malignant tmnor 
exists in these regions. Another indication is the almost constant 

* A preliminary report of this work has been published (1). 
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yield of hyaluronic acid in the fluids taken at different time 
intervals. 


EXPERIMENTAL 

Three different samples of pleural fluid were obtained. The 
procedure used for the isolation of the polysaccharide acid was 
similar to that used for the isolation of hyaluronic acid from 
synovial fluid (5), except that a final precipitation of the material 
in 10 per cent acetic acid by 2 volumes of alcohol was substituted 
for the glacial acetic acid precipitation previously used. There- 


Table I 

A nulysis of Polysaccharide Acids Isolated from Pleural Fluid iSa7nples 1 to S) 
and Cattle Synovial Fluid Corrected for Ash and Moisture 







*3 




Equivalents per 
equivalent weight 

Sample 
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Nitro- 

gen 
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cl 
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acid 

Acetyl 
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per 
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degrees 

per 

cent 

per 
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1 

3.21 

39.6 

44.9 

9.85 

622 

-76.8 

1.27 

4.04 

1.43 

1.38 

1.44 

1.43 

2 

3.00 

40.8 

46.6 

10.5 

576 

-70.3 

6.67 

2.16 

1.23 

1.31 

1.38 

1.40 

3 

2.95 

40.0 

46.7 

10.3 

641 

-67.7 

3.15 

1.44 

1.35 

1.43 

1.54 

1.53 

Synovial* 

3,42 

39.1 

42.5 

10.2 

477 

-73.3 



1.17 

1.04 

1.04 

1.13 


* Average of si.v samples. 


fore a mixture of the free acid and its calcium salt was obtained, 
as the analysis of the material and its ash showed. Table I gives 
the analyses of the three samples isolated compared with the 
average data of six samples of hyaluronic acid prepared from cattle 
synovial fluid. 

The acid equivalent weights are too high and therefore the 
equivalents per equivalent weight are too high. But Table I shows 
that, in the limits of the error of the methods, the acid is composed 
of equimolar parts of hexosamine, hexuronic acid, and acetyl, 
and the rotation is very similar to that of the synovial fluid 
polysaccharide. 
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The hexosamine was isolated as the hydrochloride, as described 
earlier (3) . 1 10 mg. were obtained from 300 mg. of polysaccharide 
or 82 per cent of the amount determined analytically. The 
analysis was as follows: N (Dumas) 6.43 per cent, Cl (by titration) 
16.1 per cent (theoretical N 6.49 per cent, Cl 16.4 per cent), 
initial [alo +103°, at equilibrium +71.4°. The compound was 
therefore glucosamine hydrochloride. 

The identity of the pleural fluid polysaccharide nith hyalu- 
ronic acid was finally established by enzymatic analysis. The 
enzyme was prepared from a rough pneumococcus designated as 
Strain D-39-E,. Its preparation and properties are described else- 
where (9). The enzyme is highly specific for hyaluronic acid. 
The kinetics of hydrolysis of a sulfonated derivative of hyaluronic 
acid are, for example, quite different from that of the original 
sample.* 

For comparison five different enzyme concentrations were incu- 
bated at 37° at pH 5.9, in the presence of toluene, with 5 mg. of 
the polysaccharides from the tumor fluid and from umbilical cord. 
Reducing values determined at 2 and 20 hours are plotted in 
Fig. 1. It is endent that the curves agree closely and from this 
agreement it is concluded that the polysaccharides are identical. 

The yield of polysaccharide per 100 cc. of pleural fluid corre- 
sponded to 0.174, 0.187, and 0.142 per cent as compared to 0.02 
to 0.025 per cent from bovine synovial fluid, about 0.04 per cent 
from bovine ^'itreous humor, and 0.130 per cent from the cyst 
fluid investigated by Khbat. 

In previous papers from this laboratory it was pointed out tha€ 
hyaluronic acid occurred free or in salt linkage only in vitreous 
humor and synovial fluid and was not chemically bound to pro- 
tein (3, 10, 11). On the other hand, protein complexes are formed 
by the polysaccharide acids on acidification in the presence of 
protein. Such protein complexes were shown to be salts formed 
by the combination between the acid group of the polysaccharide 
and the basic groups of the proteins in stoichiometric proportions. 
The so called "mucins” prepared by acidification of the native 
fluid must therefore be considered artifacts. 

‘ Only one polysaccharide acid not containing glucuronic acid has been 
found which is also split by the enzyme though at a markedly different 
rate. The latter was isolated from submaxillary gland (unpublished). 
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To test for the presence of protein compounds, samples of (o) the 
pleural fluid (Sample 1), (b) the polysaccharide isolated from it,' 
(c) the polysaccharide from umbilical cord, and (d) an acid poly- 
saccharide in a firm chemical linkage with a polypeptide^ -were 
submitted to Dr. Longsworth of the Rockefeller Institute for 
electrophoretic analysis.^ 



Fig. 1. Hydrolysis of polysaccharide acids by pneumococcus enzyme 

The pleural fluid was centrifuged to clear it of cells, diluted 
with an equal volume of veronal buffer of pH 7.8, dialyzed against 
the buffer, and analyzed as described by Longsworth and co- 
workers (12). Four components could be distinguished. The 
fastest component had a mobility of — 10.5 X 10"®, and the second 
and main component a mobility of —5.6 X 10"®, which is similar 
to that of albumin in serum. Moreover, the yellow pigment of 

*We are greatly indebted to Dr. Longstvorth for carrying out these 
experiments. 
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the exudate migrated -n-ith this second component. This is similar 
to the migration of bilirubin wdth serum albumin and suggests that 
the second component of the chest fluid is serum albumin. The 
third and fourth components have mobilities of —2.9 and —0.5 
respectively, similar to the jS- and y-globulins of serum. No peak 
which might correspond to a-globulin was evident in the pattern. 
This is probably due to the fact that, owing to the high mobility 
of the first component, the electrolysis was interrupted too early 
for this component to separate from the albumin. The total area 
of the pattern corresponded to the following values, first compo- 
nent 5 per cent, second component 65 per cent, third component 
13 per cent, fourth component 17 per cent. 

From the nitrogen value of the fluid, minus non-protein nitrogen, 
minus glucosamine nitrogen of the isolated polysaccharide, the to- 
tal protein in the fluid was calculated as 3.55 per cent. From this 
figure and from the relative concentration of the first component, 
a concentration in the original fluid of this component was calcu- 
lated as 0.17 per cent, while the amount isolated by us corre- 
sponded to 0.174 per cent. The close agreement between these 
figures indicates that there was migration of the free polysac- 
charide rather than of a protein complex. This is borne out by 
the mobility of the isolated polysaccharide acids at the same pH. 
The polysaccharides of the tumor and the umbilical cord both 
had a mobility of — 10.7 X 10~®, while the peptide complex of 
an acid polysaccharide (which, however, contains a hexonic acid 
instead of glucuronic acid) had a mobility of —6.95 X 10"®. The 
close agreement between the mobility of the fast component in the 
tumor fluid and of the isolated polysaccharides seems to prove 
that the fast component in the fluid is the free polysaccharide acid. 

Hyaluronic acid or its salts in solution always show a marked 
viscosity. However, the data on solutions from different sources 
and by different investigators*have varied considerably. As a rule 
the viscosity varied inversely with the purity of the preparations. 
In the case of synordal fluid, though no component of marked 
viscosity could be found other than hyaluronic acid, nevertheless 
the isolated polysaccharide accounted for only a fraction of the 
viscosity of the fluid from which it was prepared. 

A very great discrepancy was found in the present case. The 
relative viscosity of the native fluid centrifuged at 4000 b.p.m. 
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was 147.6 at 20° (relative to 0.9 per cent sodium chloride), while 
the neutralized polysaccharide at a corresponding concentration 
of 0.177 per cent in 0.9 per cent sodium chloride had a viscosity 
of only 1 .54. (The viscosity of a 0.25 per cent solution, the concen- 
tration used in work previously published, was 1.79 (3, 5).) In 
Fig. 2 the relative viscosities of the pleural fluid have been plotted 
against the dilutions of the fluid with 0.9 per cent sodium chloride. 



Fig. 2. Relative viscosity of pleural fluid at different dilutions 

The great drop in viscosity obviously cannot be explained by 
the assumption of a true solution of fibrous macromolecules. 

niscussioN 

From the drop of the viscosity on dilution and the normal con- 
ductance of the dialyzed and diluted fluid (reported by Dr. Longs- 
worth), it must be concluded that the original fluid is a gel formed 
by the polysaccharide acid and the copresent protein. This con- 
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elusion is further borne out by the fact that the fluid shows thix- 
otropy and that air bubbles in the fluid assume an ellipsoidal shape, 
both factors typical for a gel (13). The great variations in vis- 
cosity of the isolated polysaccharides may also best be explained 
by gel formation. The gel formation of the polysaccharide acid 
in the capsule of the hemolytic streptococci is obviously of great 
biological importance, as is in all likelihood the status of the poly- 
saccharide acid in the ^^treous humor. 

A mobility similar to the one in the present case has been 
observ'ed by Hesselvik in filtered ^dtreous humor (14), The fastest 
component had a mobility of —11.4 X 10~^ which the author 
ascribed to “hyalomucoid.” The difference between this and the 
mobility of —10.5 X 10~* measured by Longsworth is probably 
due to difference in buffers and in ionic strength. Ob%'iously the 
Upsala investigator was likewise measuring the mobility of 
hyaluronic acid. 

Hyaluronic acid in the capsule of hemolytic streptococci is con- 
nected with the virulence of the organisms. The \drulent forms 
have been shown to possess mucoid capsules (15). Moreover the 
appearance in the organisms of an enzyme hydrolyzing hyaluronic 
acid is apparently somehow connected with the loss of viru- 
lence (9).* In Group C hemolytic streptococci good experimental 
evidence has been brought forward to link the amount of an immu- 
nologically inactive acid polysaccharide, which is apparently 
hyaluronic acid, with the degree of encapsulation, virulence, and 
invasiveness (7). Another example of the connection between 
bacterial \'irulence and a mucilaginous constituent is that of gastric 
“mucin” which renders ^’irulent for mice (or increases the viru- 
lence of) a number of microorganisms anrulent (or of low vini- 
lence) for this species (16, 17). This effect of a mucoid capsule is 
obviously not due to any change inherent in the microorganism, 
but is probably due to a failure of the natural defense mechanism 
of the host to cope \vith the invading organism so that the latter 
can grow' unchecked. It is tempting to speculate in the case of 
the malignant tumors as to the operation of a similar mechanism 
in which hyaluronic acid or similar constituents may prevent the 
action of the normal restraining influences of the host tissues, so 


’ Unpublished data. 
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that the inherent growth tendencies of the tumor tissues become 
dominant. 


SUMMARY 

The viscous component of a pleural fluid associated udth a 
malignant tumor of the pleura and peritoneum has been isolated. 
The substance has been shown to be hyaluronic acid and to be 
similar in composition and rotation to this polysaccharide obtained 
from other sources. This was further substantiated by the results 
of the enzymatic hydrolysis of a pneumococcus enzyme. 

In the electrophoresis apparatus a very fast component with a 
mobility of —10.5 X 10-® was observed and showm to be free 
hyaluronic acid. The concentration of this fraction as determined 
by the electrophoresis experiment Avas very similar to the con- 
centration of the acid obtained by isolation. Furthermore, the 
mobility of hyaluronic acid isolated from the tumor fluid and from 
umbilical cord was — 10.7 X 10~®, very similar to that of the fast 
fraction in the pleural fluid. 

The viscosity of the tumor fluid, as measured in an Ostwald 
viscosimeter, Avas about 95 times greater than the viscosity of the 
isolated polysaccharide acid in an equivalent concentration, drop- 
ping sharply on dilution. By the abnormal viscosity the fluid is 
characterized as a gel. Additional evidence for this hypothesis 
is given. 
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ANAPHYLACTIC SHOCK AND NITROGEN METABOLISM 

IN THE DOG* 


Br LEON L. MILLER 

(From the Department of Pathology, The University of Rochester School of 
Medicine and Dentistry, Rochester, New York) 

(Received for publication, December 29, 1939) 

It has been found that the severit}' of the clinical response to an 
intravenous shock dose of horse serum in a previously sensitized 
normal dog is definitely paralleled by the increase in urinary nitro- 
gen. When the clinical response is mild, there is little increase in 
the total urinary nitrogen and this increase is manifest mainly in 
the urea-ammonia fraction. WTien the clinical response is severe 
as indicated by a profound fall in blood pressure, prolonged bloody 
diarrhea, vomiting, and collapse, there is a very pronounced in- 
crease in total urinary nitrogen. This increase over a pre\’iously 
established base-line is most marked in the urea-ammonia fraction, 
but there are also significant increases in the creatine and uric 
acid fractions, while the creatinine shows little change. 

Previous reports from this laboratory show that (issue injury in 
the dog produced by a sterile turpentine abscess or by prolonged 
chloroform anesthesia elicits certain typical changes in the excretion 
of urinary nitrogen. The normal dog in which a sterile abscess 
has been produced will show a great increase in urinary nitrogen 
above the level of the simple fasting dog (1), and there is likewise 
a great increase in urinary nitrogen in the 4 days following chloro- 
form anesthesia (2). In both types of injury, creatinine excretion 
remained fairly constant, while the urinary creatine and uric acid 
excretion increased considerably during the acute stage of the 
injury. 

In the course of experiments designed to study the effect of 
body protein stores on susceptibility to horse serum anaphylaxis, 
and the effect of the latter on plasma protein formation under 

* Aided by a research fund given by Eli Lilly and Company. 
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conditions of plasnmphei-esis, it was found of interest to examine 
the urinary nitrogen excretion of nornical dogs in anapliylactic 
shock. 

The total urinary nitrogen excretion during anaphylactic shock 
has been studied by a number of investigators (3-5) in the guinea 
pig, the rabbit, and the dog. In general they have concluded that 
there is an increased excretion of total urinary nitrogen. Major (6) 
has also stated that in the rabbit there is always an increase in 
urinary creatinine and that he was unable to find an anatomic 
foundation for these noteworthy changes in nitrogen metabolism. 

Methods 

All dogs used in these experiments were active, healthy, adult 
females. Before the metabolism studies were started, all dogs 
were sensitized to horse serum by giving 5 cc. of horse serum sub- 
cutaneously followed wthin the next 2 days by 5 cc. of horse serum 
given intravenously. The experiments were then planned so that 
at least 21 days elapsed before the shock dose of 20 cc. of horse 
serum was given intravenously. 

As indicated in the individual protocols, all dogs were fasted 2 
to 4 days at the beginning of the metabolism study. They were 
then placed on a diet which was protein-free except for 2 to 3 gm. 
of a solid liver extract.^ Under this rdgime, the urinary nitrogen 
excretion rapidly approached a uniform base-line level. During 
the metabolism experiments, the dogs were kept in galvanized iron 
metabolism cages where they were under constant supervision. 
The urine was collected frequently as passed and was presei-ved 
by toluene and refrigeration. Each 24 or 48 hour period was 
terminated by catheterization of the animal and rinsing of the 
bladder with water. The urine of eacli period was analyzed for the 
following constituents; total nitrogen by macro-Kjeldahl, ammonia 
and urea by aeration with the urease method, creatinine and 
creatine by the methods of Folin, and uric acid by the method o( 
Morris and Macleod. 


EXPERIMENTAL 

From the clinical history of Dog 37-230 (Experiment 1), it Mil 
be noted that only a veri/ mild clinical reaction of anaphylactic 

^ We Me indebted for this extract to Eli Lill}'^ and Company. 
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shock was observ'ed. Urinary nitrogen partition revealed no sig- 
nificant changes in any of the fractions. 

Experiment 1. Clinical Experimental History during Metabolism Study 

Dog 37-230. Adult female hound. This dog was given 5 cc. of horse 
serum subcutaneously, followed within 3 days by 5 cc. of horse serum in- 
travenously about 4 weeks before the metabolism study began. In this 
4 week interval, the dog was bled occasionally and maintained on the low 
protein diet (sucrose 118 gm., lard 27 gm., protein-free butter 12 gm., bone 
ash 3.3 gm., salt mixture 2.3 gm. (7), liver c.vtract 2.4 gm., cod liver oil 
15 gm.). .\t the start of the metabolism period, this dog was hypoprotein- 
emic (plasma protein level 4.4 gm. per cent) and somewhat anemic (red 
cell hematocrit 30 per cent). 

.4.ug. 31. Urine collection started. Weight 11.4 kilos. 

Sept. 1~5. Ate an average of 60 to 70 per cent of the diet. 

Sept. 6. Given 20 cc. of horse serum intravenously. Within 1 minute 
the pulse became very perceptibly weaker. The dog staggered about for 
2 or 3 minutes, and then stood with tegs bowed for about 15 minutes; occa- 
sional movements were weak and incoordinated. 20 minutes after serum, 
the dog moved on call but with some stiffness of the hind legs. After 45 
minutes the pulse was firm, regular, and easily palpated and the dog was 
apparently completely recovered. 

Sept. 6~11. .\te an average of 50 to 60 percent of the diet. Returned to 
kennel in good condition. Weight 10.3 kilos. 

Nitrogen Metabolism—'Nit'h base-line e.xcretion of 1.80 gm. of total 
urinary nitrogen, there were 1.57, 1.42, 1.64 gm. of total urinarj- nitrogen in 
the three 48 hour periods following the shock dose of horse serum. There 
were no significant changes in the creatinine, creatine, or uric acid 
excretion. 

Table I presents data obtained from Dog 37-233 (Experiment 2). 
The clinical history reveals that the anaphylactic shock was rela- 
tively mild and that recover}' was rapid. There is only a slight 
increase in the total nitrogen excretion occurring in Periods 4 and 5. 
The changes in creatinine and creatine are insignificant and there 
is a definite increase in the uric acid excretion in Periods 4 and 5. 

In Table II are summarized data from Experiments 3 and 4, 
both carried out on the same dog (No. 37-178). In both experi- 
ments the clinical symptoms of anaphylactic shock were similar 
and of marked severity and duration. There are also parallel 
increases in urinary nitrogen e.xcretion. In Periods 7 and 8 of both 
Experiments 3 and 4, there is a very large increase in total urinary 
nitrogen. This increase consists largely of urea and ammonia, 
the percentage of which rises accordingly. Although the ere- 



96 Anaphylactic Shock and N Metabohsm 


atinine excretion undergoes no striking change, there is a verj' 
remarkable increase in creatine nitrogen which amounts to 5 times 
the basal excretion. In Period 8 of Experiments 3 and 4, there is a 

Table I 


Experimcnl 2. Fasling; Low Protein Diet; Mild Anaphylactic Shock 
Dog 37-233. 


Period 

No. 

1 

Period 

Total N 

Urea N + NH>-N 

1 

Creatinine N | 

1 

Creatine N | 

. 1 

Utio acid 
N 


hra. j 

mg. 

moa 

per cent 

mpa 

1 per cent 

mg. 


mg. 

1 

48 

2130 

1390 

65.2 

186 


36 


4 

2 

48 

1940 

1250 

64.4 

155 

0.8 

77 


4 

3 

48 

2390 

1600 

66.9 

195 1 

0.8 

69 

0.3 j 

5 


20 cc. horse serum intravenously 


4 

24 

IB! 


65.3 

122 

0.8 

33 

19 

7 

5 

24 



63.8 

105 

0.8 

12 

IM 

7 

6 

48 


■HnM 

66.8 

178 

0.8 

6 

0.05 

4 

7 

48 

2270 

1480 

65.2 

194 

0.9 

53 

0.2 

5 

8 

48 



63.0 

177 

0.8 

47 

0.2 

4 


Experiment 8. Clinical Experimental History during Metabolism Study 

Period {Table 1) 

Dog 27-233. Adult female bull dog. 

May 28, 5 cc. of horse serum subcutaneously. 

May 30, 5 cc. of horse serum intravenously. 

June 21. Fasting started which was continued through June 24. 

June 25. Low protein diet started, which was eaten regularly and com- 
pletely throughout the experiment. The diet was the same as that of Dog 
37-230, Experiment 1. 

July 6. Urine collections started. Weight 10.7 kilos. 

July 12. Horse serum (20 cc.) intravenousb". Symptoms of distress 
within 3 minutes with pronounced weakening of the pulse, followed by 
violent vomiting, defecation, irritation about the muzzle, and congested 
conjunctivae. 1 hour after horse serum, the condition was very much im- 
proved and the dog ate the regular diet completely within the next 24 hours, 

July 20. Dog in excellent condition. Weight 10.9 kilos. Returned to 
kennel. 

significant increase in uric acid. Incidentally, both experiments 
demonstrate very nicely the protein-sparing action of a carbo- 
hydrate-rich diet after Periods 1 and 2 of fasting. 

The results of Experiment 5, shown in Table III, are practically 
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identical v-dth those of Experiments 3 and 4. Here again a severe 
clinical reaction is followed by correspondingly severe changes in 
urinary nitrogen excretion. The increased excretion of nitrogen 
starts sooner than in Experiments 3 and 4, although in all these 


Table II 

Fasting; Low Protein Diet; Severe Anaphylactic Shod: 
Dog 37-178. 


Period 

Ko. 


PericxI 

Total N 

Urea N + NH>-N 1 Creatinine N 

i 

Creatine N 


Uric acid 
N 


Experiment 3 



wmm 

mg. 

mj. 

per etni 

fn^. 

p^T cent 

Ttlf, 

per cent 

m^. 

1 

M 

4500 

■jijsjia 

86.3 

168 

3.7 

60 

1.3 


2 

la 

3570 

^1 

80.0 

180 

5.0 

18 

0.5 


3 

48 

2020 

1340 

66.4 


8.3 

9 

0.4 


4 

48 

2960 

2180 

73.5 


5.3 

31 

1.0 


5 

48 

2420 

1720 

71.0 

156 

6.5 

27 

1.1 



20 cc. horse serum intravenously 


6 

24 

1320 

930 

70.0 

46 

3.4 

43 

3.3 

5 

7 

24 


5680 

93.4 

84 

1.4 

203 

3.4 

7 

8 

48 

3540 

2690 

76.0 

■ESI 

3.7 

113 

3.2 

22 

9 

48 

1870 

1200 

64.4 


6.2 

20 

1.1 

18 

10 

48 

1480 

820 

55.5 


7.8 

26 

1.8 

18 

11 

48 

1560 

900 

57.8 


7.4 

17 

1.1 

14 

12 

48 

1530 

860 

56.4 


7.2 

12 

0.8 

14 


Experiment 4 


1 

48 I 

4830 

4120 

85.3 

19 

2.9 

12 

; 0.3 

IB 

2 

48 

3920 

3220 

82.2 

19 

1.8 

12 

0.3 

IB 

3 1 

48 1 

1870 

1260 

67.5 

mm 

7.1 

30 

1.6 

19 

4 1 

48 i 

1840 , 

1130 1 

61.4 

125 ) 

6.8 

21 

1.1 

KB 

5 

I ^8 1 

2090 

1360 

64.8 

1 130 

6.2 

36 

1.7 



20 cc. horse serum intravenously 


6 

24 


620 

59.0 

47 

4.5 


2.5 

5 

7 

24 

4410 


84.7 

73 

1.7 

91 

3.9 

14 

8 

48 

4570 

3650 

79.9 

110 

2.4 

168 

3.7 

22 

9 

48 

1790 

1180 

65.9 

102 

5.7 

25 

1.4 

13 

10 

48 

1770 


65.9 

105 

5.9 

5 

0.3 

13 

11 

48 

1790 

1180 

63.9 

103 

5.8 

10 

0.6 

12 
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Table II — Concluded 

Experiment S. Clinical Experimental History during Metabolism Sludv 

Period (Table 11) 

Dog 37-178. Adult female hound mongrel. 

Apr. 18. 5 cc. of horse serum subcutaneously. 

Apr. 20. 5 cc. of horse serum intravenously. 

Apr. 28-May 3. Fasted. Water in cage at all times. Urine collection 
started Apr. 30. 

May 4. Daily low protein diet started (sucrose 96 gm., lard 19 gin,, 
protein-free butter 9 gm., bone ash 3 gm., salt mixture 2 gm. (7), liver ex- 
tract 2 gm,, cod liver oil 15 gm.). Weight 8.5 kilos. 

May 11. Given 20 cc. of horse serum intravenously. Followed almost 
immediately by marked weakening of the pulse, severe vomiting, and 
diarrhea. Dog unable to stand ; had convulsive running movements. Col- 
lapsed completely within 30 minutes. Given 1 cc. of adrenalin in 1:10,000 
intramuscularly. Vomiting continued at intervals and vomitus became 
bile-stained. Diarrhea bloody. The dog was somewhat brighter later in 
the day and was able to stand weakly. Refused food. 

May 12. Moderate bloody diarrhea continued and contaminated urine. 
Otherwise much improved. The dog ate 50 per cent of the diet. 

May 13. Condition better. The dog ate 50 per cent of the diet. 

May 14-22. Dog in good condition. Ate 100 per cent of the diet. 
Weight 7.8 kilos. 

Experiment 4 

Dog 37-178. 

July 10-13. Fasted. Urine collection started July 11. 

July 14. Low protein diet started (same as Experiment 3). The dog 
ate the diet regularly and completelj’^ until July 21. Weight 8.1 kilos. 

July 21. Given 20 cc. of horse serum intravenously. Response very 
similar to that seen in Experiment 3. The dog ate no food. 

July 22. The condition was much improved, but the dog ate no food 
(very hot day). 

July 23. The condition was very good, but the dog ate no food. 

July 24. The condition was very good. The dog ate 75 per cent of the 
diet. 

July 25-30. Ate 100 per cent of the diet. Returned to kennels in good 
condition. Weight 7.5 kilos. 


experiments the maximum effect is seen in the second 24 liour 
period following the shock dose of horse serum. The increased 
creatine excretion is just as striking as that seen in Experiments 3 
and 4, and the increased uric acid excretion is ex'^en more pro- 
nounced. 
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Table III 

Experiment 6. Fasting; Low Protein Diet; Severe Anaphylactic Shock 


Dog 38-18. 


Period 

No. 

Period 

Total N 

Uica N + NHi-N 

Cieatininc N 

CTcatine N 



hrt. 


tng. 

per cent 

mg. 

per cent 

mg. 

per cent 

mg. 

1 

48 


3520 

77.7 

77 

1.7 

19 

0.4 

10 

2 

48 


3200 

75.4 

mm 

2.4 

72 

1.7 

8 

3 

48 

3410 

2480 

72.9 

IBI 

3.3 

54 

1.6 

8 

4 

48 

3570 

2470 

69.2 

184 

5.2 

92 

2.6 

7 

5 

48 

3400 

2880 

69.9 

212 

6.2 

69 

2.0 



20 cc. horse serum intravenously 


6 

24 

2900 

2090 

72.1 

100 

3.5 

91 

3.1 

5 

7 

24 

5470 

4220 

77.2 

139 

2.5 

223 

4.1 

26 

8 

48 


2650 

69.0 

202 

5.3 

. 81 

2.1 

41 

9 

48 

3640 

2480 

68.3 

196 

5.4 

28 

O.S 

20 

10 

48 


2480 

68.0 

192 

5.3 

19 

0.5 

17 

11 

48 

2640 

1720 

65.0 

162 

6.1 

24 

0.9 

12 

12 

48 

2600 

1640 

63.9 

171 

6.6 

34 

1.3 

10 


Experiment 6. Clinical Experimental History during Metabolism Study 

(Table III) 

Dog 38-18. Adult female hound mongrel. 

Sept. 19. S cc. of horse serum subcutaneously. 

Sept. 21. 5 cc. of horse serum intravenously. 

Sept. 30-Oct. 2. Fasted. Urine collection started on Oct. 1. 

Oct. 3. Low protein diet started (same as diet of Dog 37-230, Experi- 
ment 1). Weight 12.5 kilos. 

Oct. 3-12. The dog ate 100 per cent of the diet regularly. 

Oct. 13. Given 20 cc. of horse serum intravenously. Defecated almost 
immediately, and attempted to defecate again after vomiting and retching 
for 4 minutes. Pulse very weak, barely palpable. Dog collapsed. Given 
0.5 cc. of 1 : 10,000 adrenalin intramuscularly. Later some bloody diarrhea, 
and bile-stained vomitus. Since the dog appeared very weak, it was given 
several doses of 5 per cent glucose in saline (total 400 cc.). Ate none of 
the diet. 

Oct. 14. Looked brighter, but still weak. Given 200 cc. of 3 per cent 
glucose by vein. Ate 60 per cent of the diet. 

Oct. 15. Very much better. 

Oct. 16-24. Dog in good condition. Returned to kennels. Weight 
12.1 kilos. 
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DISCUSSION 

From the above experiments, we can conclude that the changes 
in urinary nitrogen excretion in anaphylaxis are very similar to 
those observed in dogs sufTering from a discrete, readily demon- 
strable tissue injury. Exactly such changes have been described 
in dogs with sterile turpentine abscesses, and in dogs with liver 
injury from chloroform anesthesia. In the normal dog, an aug- 
mented urinary nitrogen excretion with increased creatine and 
uric acid excretion is very probably a general response to exten- 
sive tissue injury of any type, be it obviously demonstrable, or of 
a more subtle systemic sort as in anaphylaxis. 

The above conclusion is in accord with the views expressed 
recently by Moon (8) ; namely, that the anaphylactic reaction is 
cellular rather than humoral, and that the meeting of antibody 
and antigen within the cells irritates or injures them. He adds 
that, if the injury is severe, it results in an inflammatory reaction 
not different from that which follows other injuries. 

The large increase in urinary creatine suggests that there is 
extensive damage to muscle tissue. It is a well known fact that 
the response of smooth muscle tissue is involved in the early acute 
stage of anaphylactic shock. It is not unreasonable to suspect 
that this is at least partly responsible for the increased creatine 
excretion. 

The fact that uric acid excretion increases following a moderately 
severe anaphylactic shock suggests that the liver function of 
converting uric acid to allantoin is somewhat impaired. This 
may be a result of the severe congestion and possible injuiy noted 
(8) in the liver after anaphylactic shock in the dog. 

SUMMARY 

Anaphylactic shock in dogs results in increased urinary nitrogen 
excretion paralleling in severity the clinical symptoms of the 
anaphylactic shock. This response is strictly comparable with 
that resulting from very obvious tissue injury, and substantiates 
the view that anaphylactic shock may be marked by tissue injury 
of considerable severity. 

The increased creatine and uric acid excretion following ana- 
phylactic shock suggests and supports the contention that both 
muscle and liver tissue undergo injury in anaphylactic shock. 
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MICELLE FORMATION IN AQUEOUS SOLUTIONS OF 
BILE SALTS 

By RAYMOND R. ROEPKE* and HAROLD L. MASON 

{From Ihe Divisions of Biophysics and Biochemistry, The Mayo Foundation, 
Rochester, Minnesota) 

(Received for publication, December 7, 1939) 

The solubility of fatty acids and cholesterol in bile does not 
appear to be due to the formation of soluble compounds of the 
choleic acid tj^pe. The bile is made up chiefly of the conjugated 
bile salts and such compounds with conjugated bile acids or salts 
have not been isolated (1) . It is generally agreed that the solution 
of oils in aqueous solutions of soaps is associated with the micelle 
formation of the soap, the oil being dissolved, most likely, in the 
lipid center of the micelle (2-4). The bile salts are similar to the 
soaps in that they consist of a relatively large hydrophobic group 
and an ionic group. They might be expected also to form micelles 
and thus to be able to take up water-insoluble substances in a 
maimer comparable to that of the soaps. 

Bashour and Bauman (5) were imable to find a sharp change of 
slope in the equivalent conducthdty-concentration currm of sodium 
desoxycholate, usually taken as an indication of micelle formation, 
although freezing point determinations on the more concentrated 
solutions indicated some degree of aggregation. It seemed likely 
that measurement of the osmotic coefficient as well as of the equiva- 
lent conductivity at various concentrations would offer some evi- 
dence as to the state of aggregation of bile salts. 

EXPERIMENTAL 

Cholic acid was obtained from the Sandoz Chemical Works, Inc. 
Its moisture content was determined as 2.2 per cent. Glycocholic 
and glycodesoxycholic acids were prepared by the methods of 
Cortese and Bauman (6). Sodium oleate ■was obtained from 

* Fellow in Biophysics, 
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Micelles in Bile Salt Solutions 


Merck and Company, Inc., and used without further purification. 
The preparation gave a slightly cloudy solution at the higher con- 
centrations (0.19 to 0.43 M per liter). The bile acids were dis- 
solved in 0.5 N NaOH and adjusted to pH 7.8 to 8.0. The more 
dilute solutions were obtained by adding various amounts of 
water to the original solution. The solutions wei-e made up by 
weight and, from density measurements, the concentration was 
expressed both on a weight and volume basis. In calculation of 
the osmotic coefficient, the concentration was expressed as moles 
of salt per kilo of water, whereas in the calculation of equivalent 
conductivity the concentration was expressed as moles of salt 
per liter of solution. 

By means of the thermoelectric method as modified by Baldes (7) 
and by Baldes and Johnson (8), the vapor pressures of the bile 
salt solutions were compared with those of reference NaCl solu- 
tions. The osmotic coefficients of the bile salts were then calcu- 
lated from the osmotic coefficients of NaCl which were derived 
from the freezing point data given in International Critical 
Tables (9). Calculations were made by means of the relation 
Qb ~ (wNaci X PNaCi) /^f>> where gi is the osmotic coefficient of 
the bile salt at the concentration nib, wnbCi is the concentration of 
NaCl solution which has the same vapor pressure as the bile 
salt solution, and g^Nnci is the osmotic coefficient of sodium chloride 
at that concentration, the concentrations being expressed as moles 
per kilo of water. The osmotic coefficient of sodium chloride was 
calculated from the relation, g = A</(2 X 1.858 X m), where A/ 
is the lowering of the freezing point and in is the molality. Several 
measurements with four to six thermocouples permit the deter- 
mination of the vapor pressure of a solution with an accuracy 
equivalent to 0.0001 to 0.0002 mole of NaCl per kilo of w'ater. 
Hence, the determination of the osmotic coefficient can be made 
with a fair degree of accuracy at a concentration as lo^v as 0.005 M. 

Conductivity measurements were made with a AVlieatstone 
bridge obtained from Leeds and Northrop, a Kohlrausch slide 
wire and a microphone hummer being used. The conductivity 
cell was made of Jena glass and had a cell constant of 0.5674 cm. • 
Since the water used in making up the solution had a relatively 
high conductivity (2.5 X 10"®), conductivity measurements were 
made only on dilutions down to 0.003 m. All measurements 
were made at a temperature of 25°. 
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Results and Comment 

From the results of the measurement of osmotic activity and 
of equivalent conducti^dty it is evident that the bile salts Tvhich 
were studied imdergo micelle formation in aqueous solutions. In 
the case of sodium glycocholate (Fig. 1) the osmotic coefScient 
is decreased by 50 per cent as the concentration is increased from 
0.0047 M to 0.098 M, while the equivalent conductmty is decreased 
only 19 per cent over the same range of concentration, thus indi- 



0.1 O.C 0.5 0.4 

Concentration, in moles per liter 


Fig. 1. Osmotic coefficient (g) and equivalent conductivity (X) of sodium 
glycocholate at 25°. 

catmg an appreciable association of the bile acid ions. With 
sodium glycodesoxycholate (Fig, 2) the osmotic coefiBcient is 
decreased by 56 per cent and the equivalent conductivity by 19 per 
cent as the concentration is increased from 0.0047 to 0.093 m. 
Similar results were obtained with solutions of sodium cholate 
(Fig. 3). 

The results obtained with the bile salts differ somewhat from 
those obtained with sodium oleate (Fig. 4). In the range of 
concentration in which micelle formation of sodium oleate occurs, 
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there is a sharp drop in the equivalent conductivity as well as 
in the osmotic coefficient. This marked decrease in equivalent 
conductivity with increase in concentration appears to bo true 
generally for the paraffin chain salts and is the result of decreased 
ionization due to the local concentration of the ions making up 
the micelle (2). With sodium glycodesoxycholate (Fig. 2), how- 
ever, the equivalent conductivity remains nearly constant over 
a short range of concentration in which the osmotic coefficient 
decreases markedly. This difference might be explained by 

1.0 


0.6 


0.6 

0,4 


O.L 


0.1 O.e. 0.3 0.4 

Concentration in moles per liter 

Fig. 2. Osmotic coefficient (ff) and equivalent conductivity (X) of sodium 
glycodesoxycholate at 25°. 

postulating that, at least at the lower concentrations, the bile 
salt micelles consist, on an average, of a smaller number of anions 
than do the soap micelles. However, definite conclusions con- 
cerning this difference between the bile salts and soaps are not 
justified with the data at hand. 

The slight initial rise in the osmotic coefficient curves for sodium 
cholate and sodium oleate (Figs. 3 and 4) is probably due to experi- 
mental error. Measurements on these solutions were made at 
concentrations down to 0.003 m at which concentrations the error 





Concentration, in moles per liter 

Fig. 3. Osmotic coefficient (g) and equivalent conductivity (X) of sodium 
oholate at 25“. 



0.1 O.a 0.3 0.4 

Concentration in moles per liter 


Fig. 4. Osmotic coefficient (g) and equivalent conductivity (X) of sodium 
! oleateat25'’. 
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in the deteimination of the osmotic concentration may be appre- 
ciable. With sodium glycocholate and sodium glycodesoxy- 
cholate, osmotic coefficient measurements were made at concen- 
trations of not less than about 0.005 m. 

While it cannot be definitely stated at this time that the solution 
of water-insoluble substances by the bile is associated wth aggre- 
gation of the bile salt ions, such a conclusion appears reasonable. 
Bashour and Bauman (5), using pure solutions of the bile salts 
at 37.3°, found that the amount of cholesterol dissolved per gm. 
of bile salt increased with the concentration of the bile salt. In 
the case of sodium glycodesoxycholate, the weight of cholesterol 
dissolved per gm. of bile salt increased to a constant value of 
40 mg. at a concentration of about 3 per cent (0.064 m) of bile 
salt. As seen from Fig. 2, this is in the range of concentration 
at which the slope of the osmotic coeflBcient curve of this salt is 
rapidly decreasing. It would be of interest to compare the osmotic 
coefficient-concentration curves of the various bile salts with their 
solvent properties at the same temperature and pH. 

SUMMARY 

Osmotic coefficient-concentration and equivalent conductivit}'- 
concentration curves were determined for sodium glycocholate, 
sodium cholate, sodium glycodesoxycholate, and sodium oleate 
at 25°. The results indicate that the bile salts form ionic micelles 
above a critical concentration. It is suggested that solution of 
water-insoluble substances by the bile may be associated mth 
micelle formation of the bile salts in a manner similar to the solu- 
tion of oils by soap solutions. 

BIBLIOGRAPHY 

1. Sobotka, H., The chemistry of the sterids, Baltimore, 128-131 (1938). 

2. Hartley, G. S., Aqueous solutions of paraffin-chain salts, A study in 

micelle formation, Paris (1936). 

3. Hartley, G. S., in Wetting and detergency, New York, 153 (1937). 

4. Lawrence, A. S. C., in Wetting and detergency. New York, 203 (1937). 

5. Bashour, J. T., and Bauman, L., /. Bfof. Chem., 121, 1 (1937). 

6. Cortese, F., and Bauman, L., J. Am. Chem. Soc., 57, 1393 (1935), • 

Biol. Chem., 113, 779 (1936). 

7. Baldes, E. J., J. Scient. Instruments, 11, 223 (1934). 

8. Baldes, E. J., and Johnson, A. F., Biodynamica, 47, 1 (1939). 

9. Washburn, E. W., International critical tables of numerical data, phys- 

ics, chemistry and technology. New York, 4, 258 (1928). 



SYNTHESIS AND DETERMINATION OF THE LIPOTROPIC 

ACTIVITY OF THE BETAINE HYDROCHLORIDES OF 
cfZ-SERINE, rfi-THREONINE, AND 
rfZ-ALLOTHREONINE* 

Bt HERBERT E. CARTER and DONALD B. MELVILLEj 

(from the Division of BiochcmislTy, Noyes Laboratory of Chemistry, 
University of Illinois, Urbana) 

(Received for publication, November 20, 1939) 

This paper reports the synthesis of the betaine hydrochlorides 
of serine, threonine, and allothreonine and a study of the action of 
these substances on the lipid content of the livers of rats fed a high 
fat, low protein diet. This work was undertaken for two purposes. 
Best and Huntsnaan (1) found that choline prevented the de- 
velopment of fatty livers in rats fed a high fat diet and that betaine 
possessed a similar lipotropic effect. Since choline contains a 
hydroxjd group, it was of interest to determine the lipotropic 
activity of some hydroxybetaines which are closely related to 
choline in structure. 

It also seemed possible that these studies might throw some light 
on the origin of choline in the animal body. The discovery of 
Channon and Wilkinson (2) and of Best and Huntsman (3) that 
casein has a lipotropic effect has been interpreted as indicating the 
possible synthesis of choline from one of the constituent amino 
acids of casein. Of the amino acids of casein, serine, containing 
the hydroxyethylamine grouping, is most closelj^ related struc- 
turally to choline. Hence the physiological behavior of serine 
betaine is of particular interest, although it represents onl 5 ’' one of 

* Aided by a grant from the Committee on Scientific Research, American 
Medical Association. 

t The experimental data in this paper are taken from a thesis submitted 
by Donald B. Melville in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy in Biochemistrj' in the Graduate School of 
the University of Illinois. 
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the possible intermediates by which serine might be converted 
into choline in vivo. 

In the course of the synthetic work it was discovered that the 
betaines of threonine and allothreonine (but not of serine) arc 
unstable in alkaline solutions, undergoing a retrograde aldol 
condensation as shown in the accompanying equation. 


CHjCH— OH— 
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OH N+ 
(CH,), 


,0 


OH 


CHjC 


y _L mr nv 


^ 0 - 
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N+ 
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"0- 


Preliminary experiments indicate that this reaction offers 
promise as a method for the quantitative determination of threo- 
nine. A study of other hydroxybetaines has revealed the fact 
that this reaction is a general one for a-amino-/3-hydroxy acids and 
may be useful in differentiating these compounds from the iso- 
meric /3-amino-Q:-hydroxy acids. 


EXPERIMENTAL 

Preparation of Betaine Hydrochlorides 

The preparation of the betaines was first attempted by the 
method of Novak (4), 11.9 gm. of dl-allothreonine, dissolved in 

100 cc. of 1.0 N potassium hydroxide, were methylated with 56,7 
gm. (0,45 mole) of dimethyl sulfate and 100 cc. of 4.5 N potassium 
hydroxide. The alkaline reaction mixture was then reflu.\'ed in 
order to destroy any unchanged dimethyl sulfate. The solution 
immediately became hazy and a dark brown precipitate gradually 
separated. At the end of 30 minutes the mixture was cooled 
and filtered. The solution had a strong odor of acetaldehyde. 
The filtrate was decolorized with noi’it and worked up in the usual 
manner. The crude product was recrystallized from alcohol, 
giving 5.0 gm. of a crystalline compound melting at 236-238 . 
The analytical data indicated that this substance was betaine 
hydrochloride instead of the expected allothreonine betaine 
hydrochloride. 

C 7 H 16 O 3 NCI. Calculated. N 7.09, Cl 17.97 
C 5 H. 2 O 3 NCI. " " 9.11, " 23.13 

“ 9.07, " 23.47 


Found. 
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The identity of the substance was confirmed by the preparation 
of the picrate which melted at 180-182° and gave no depression of 
the melting point when mixed with an authentic sample of betaine 
picrate. Evidently allothreoninc betaine is unstable in an alka- 
line medium, undergoing a retrograde aldol condensation with the 
production of betaine and acetaldehyde. The latter compound 
polymerizes under the influence of alkali, giving the gummy brown 
precipitate which appears during the refluxing of the alkaline 
methylation mixture. 

Under the above conditions dZ-tbreouine betaine also decomposes 
to betaine and acetaldehyde. dZ-Serine betaine, however, is more 
stable toward alkali and no e\ndence was obtained for the produc- 
tion of formaldehyde when the methylation mixture was heated. 
In this case the product, isolated in the usual manner, was a 
hygroscopic syrup which crj'.stallized after long standing. A low 
yield (10 to 20 per cent) of dZ-seiine betaine hj'drochloride was 
obtained when this material was recrj’'stallized several times from 
absolute alcohol. 

In an attempt to avoid these difficulties Novak’s procedure 
was modified as follows: The methylation was carried out as 
before. The cold solution was then acidified with hydrochloric 
acid (100 cc. of 5.0 N per 0.1 mole of amino acid methylated) and 
the acid solution was refluxed for 5 hours. In this way both di- 
methyl sulfate and monomethyl sulfate were hydrolyzed in a single 
step. The betaine hydrochlorides were isolated as in Novak’s 
procedure. In each case the product was a hygroscopic sjump 
which cr 5 'stallized very slowly. Only a small amount of pure 
betaine hydrochloride could be obtained from the crude products 
and the purification required repeated recrystallizations. Since 
an excess of dimethyl sulfate is used in Novak’s method, it was 
possible that a certain amount of 0-methylation had occurred. 
Strong evidence supporting this view was the fact that the neutral 
equivalents of the partially purified products were 2 to 4 per cent 
higher than the calculated value. In the case of serine the 
0-methyI betaine hydrochloride was actually isolated in a pure 
state. The crude product obtained in one ran was dissolved in 
absolute alcohol and cooled in an ice bath. An oil precipitated 
immediately. On further standing, large flat crystals appeared 
on the sides of the flask. These were carefully reraor'ed and re- 
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crystallized from absolute alcohol. The product thus obtained 
melted at 196-197°, and gave the correct analytical data for 
0-methyl-dZ-serine betaine hydrochloride. 

C 7 H 16 O 3 NC], Calculated. N 7.09, Cl 17.97, neutral equivalent 197.5 
Found. " 7.02, “ 17.93, " " 200.0 

This difficulty was overcome by decreasing the amount of di- 
methyl sulfate and by altering the conditions of the reaction 
slightly. Satisfactory results were finally obtained by tlie follow- 
ing procedure. 

A solution of 0.1 mole of amino acid in 100 cc. of 1 n potassium 
hydroxide was placed in a 500 cc. 3-necked flask equipped with a 
stirrer and two small separatory funnels. 37.8 gm, (28 cc., 0.3 
mole) of dimethyl sulfate were placed in one separatory funnel, 
and a solution of 16.8 gm. (0.3 mole) of potassium hydroxide in 
28 cc. of water was placed in the other. The flask was cooled in 
an ice bath and the two liquids were added at the same rate to the 
vigorously stirred reaction mixture over a period of 30 minutes. 
40 cc. of concentrated hydrochloric acid were added and the 
solution was refluxed for 5 hours. 75 gm, of barium chloride di- 
hydrate in 200 cc. of water rvere added to the warm solution. 
The barium sulfate was removed by filtration and washed twice 
with warm water. The filtrate and washings were concentrated 
to a syrup in vacuo. The residue was extracted with 300 cc. of 
absolute alcohol and the insoluble material (potassium chloride) 
was removed by filtration. The filtrate was concentrated and the 
residue was dissolved in 100 cc. of absolute alcohol. The alcohol 
was removed under reduced pressure, giving the crude betaine 
hydrochloride in the form of a viscous oil. The purification of the 
individual products is described below. 

dl-Serine Betaine Hydrochloride — The ci’ude product was dis- 
solved in 100 cc. of warm absolute alcohol. The solution was 
filtered, and cooled in the ice box for 48 hours. The crystalline 
precipitate was removed by filtration, washed with cold alcohol 
and ether, and dried in a vacuum desiccator. 9 gm. of df-senne 
betaine hydrochloride ■were thus obtained. A small additional 
amount (3 gm.) of impure material precipitated from the alcoholic 
filtrate on the addition of ether. This was purified by recrystal- 
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lizatiou from 5 volumes of hot absolute alcohol. The total yield 
of pure product, melting at 198-199°, was 10.8 gm. (58 per cent). 

CtHuOiKCl. Calculated. N 7.63, Cl 19.35, neutral equivalent 183.5 
Found. “ 7.64, “ 19.10, “ " 185 

df-Serine betaine hydrochloride is slightly hygroscopic and is 
highlj^ water-soluble. It is moderately soluble in ethyl and butyl 
alcohol and is best purified from the former solvent. 

dl-Allothreonine Belaine Hydrochloride — The crude product was 
placed in a vacuum desiccator over phosphorus pentoxide for 6 
days, during which time the substance slowly crystallized. The 
crystalline mass was dissolved in 50 cc. of hot absolute alcohol. 
The solution was filtered and cooled to room temperature. An- 
hydrous ether was added slowly until a faint haziness was 
produced. The solution was seeded and placed in the ice box 
overnight. The crystalline precipitate was removed by filtration, 
washed with ether, and air-dried. This material was recrystal- 
lized again from an alcohol-ether mixture, giving 9 gm. (45 per cent 
yield) of pure df-allothreonine betaine hydrochloride melting at 
166-168°. A small additional amount of product may be ob- 
tained by working up the filtrates, but it is hardly profitable to 
do so. 


C 7 H 18 OJNCI. Calculated. N 7.09, Cl 17.97, neutral equivalent 197.5 

Found. “ 7.03, " 17.89, ” “ 198 

dl-Threonine Betaine Hydrochloride — ^The crude product wa.s 
purified in the same manner as the aUothreonine derivativ'e. 
Butyl alcohol was found to be a satisfactory solvent for recrystal- 
lization of the derivative, after it had been partially purified bj' 
one recrystallization from an alcohol-ether mixture. The yield 
of pure dZ-threonine betaine hydrochloride was 8 gm. (41 per cent). 

CiHitOiNCl. Calculated. N 7.09, Cl 17.97, neutral equivalent 197.5 

Found. " 7.17 " 18.04, " “ 199 

dZ-Threonine betaine hydrochloride is considerably more soluble 
in absolute alcohol than the aUothreonine derivative. The threo- 
nine betaine hydrochloride melts at 162-164°. A mixture of the 
isomers melts at 142-152°. 
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Feeding Experiments 

Albino rats weighing 125 to 175 gm. were used in the feeding 
experiments. The rats were maintained in separate metabolism 
cages and fed ad libitum. At the end of 21 days they were de- 
capitated and the livers removed. The total fatty acid and 


Table I 

Effect of Various Substances on Production of Dietary Fatty Livers in RaU 


Supplement to diet* 


Casein! 

per cent 

5.0 

(t 

5.0 

(< 

10.0 

tt 

20.0 

(( 

30.0 

“ hydrolysate (7) 

29.3 

Tryptophane 

0.7 

Casein 

5.0 

Choline chloride 

0.25 

Casein 

5.0 

Betaine hydrochlorides of 
dl-Serine 

1.9 

(t 

1.9 

dl-Threonine 

2.0 

df-Allothreonine 

2.0 


Daily 

food 

intake 

Change 

in 

weight 

Liver 

Weight 

Weight 
per 100 
gm. rat 

Lipidt 

gm. 

per cent 

gm. 

gm. 

per cent 

6.1 

-14.3 

5.28 

4.6 

27.6 

5.5 

-12.0 

6.09 

6.1 

27.1 

7.9 

16.8; 

7.55 

4.9 

31.1 

8.3 

26.9 

7.26 

4.0 

14.3 

7.9 

37.0 

6.05 

3.5 

9.4 

6.7 

14.4 

5.32 

3.5 

7.1 

5.1 

-17.9 

3.79 

3.4 

' 7.5 

1 

5.6 

-17.7 

3.23 

4.1 

21.7 

5.5 

-13.5 

6.90 

6.2 

33.4 

5.5 

-11.7 

6.15 

5.5 

26.8 

5.5 

-11.2 

5.76 

5.1 

24.9 


* Each experiment was carried out on a group of six rats (three males and 
three females) from the same litter. 

t In these experiments, the term “lipid” is used to designate total fatly 
acid and unsaponifiable matter. 

1 Labco vitamin-free casein was used in all the experiments. 


unsaponifiable matter of the individual fresh livers were determined 
by the method of Leathes and Raper (5). 

Each of the diets used contained Crisco 40, salt mixture (Osborne 
and Mendel (6)) 6, cod liver oil 1, the supplement, and glucose to 
make 100 per cent. The vitamin B factors were supplied in the 
form of two pills daily, each containing 75 mg. of milk concen- 
trate and 10 mg. of fullers’ earth adsorbate of a rice polishings 
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extract. The supplements, the concentrations at which they were 
incorporated in the diet, and the results of the feeding experiments 
are shomx in Table I. 

The results obtained with I'arious levels of casein are sunilar 
to those reported b 3 ' Channon and Wilkinson (2) and others. 
The basal diet (5 per cent casein) uniformly produced a highly 
fatty liver. A control group of rats recei\nng choline chloride 
showed no accumulation of fat in the liver. 

. The betaine hj’^drochlorides were fed at 5 times the molar level 
of the choline chloride. The rats showed no obmous ill effects 
from the ingestion of these quantities of the betaine hydrochlorides, 
and lost no more weight than the controls. Although there is 
considerable difference in the liver fat of the two groups of rats 
receiving serine betaine hj’^drochloride, the data show conclusivelj' 
that the hj'droxybetaines have no lipotropic effect. 

Recently Welch and Welch (8) and Platt (9) have shown that 
choline has considerably more lipotropic effect than betaine. The 
former authors found that alanine betaine also has lipotropic 
activity but made no comparison of this substance with choline or 
betaine. These results combined with our data make possible a 
comparison of the lipotropic actmty of choline chloride (I), 
betaine hydrochloride (II), serine betaine hydrochloride (III), 
and alanine betaine hydrochloride (HO- Such a comparison 

I. (CHj)3X+-CH5CH.OH II. (CHjIjK-*-— CH jCOiH 

Cl- Cl- 


in. (CH,),N+-CH-CH..OH IV. (CH,),N+— CH— CO.H 

1 i 

Cl- CO,H Cl- CH, 

affords an interesting study of variation of physiological effect 
with structure in a group of closely related compounds. The 
results show that the introduction of a hydroxjd group into the 
betaine molecule may depress rather than enhance its effect on 
liver fat. Further, it is interesting to note that the introduction 
of a carboxyl group on the a-carbon of choline converts it into the 
lipotropically inactive serine betaine. 

The mixture of amino acids obtained on hj'drolj'sis of casein is 
as effective as casein in preventing the development of fatty 
livers in. rats. Since the hydrolysate was practically phosphorus- 
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free, this result eliminates the possibility that the organic phos- 
phorus of the casein is responsible for its lipotropic effect. 

SUMMARY 

1. A method has been developed for the synthesis of the betaine 
hydrochlorides of dl-serine, dZ-threonine, and dZ-allothreonine. 

2. The betaines of dZ-threonine and dZ-allothreonine undergo a 
retrograde aldol condensation in an alkaline medium, yielding 
betaine and acetaldehyde. 

3. The betaine hydrochlorides of dZ-serine, dZ-threonine, and 
dZ-allo threonine do not prevent the development of a fatty liver 
in rats fed a high fat, low protein diet. 
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II. AZLACTONE FORMATION IN GLACIAL AND IN AQUEOUS 
ACETIC ACID AND PREPARATION OF BENZOYL-a- 
AMINOCROTONIC ACID AZLACTONE II 

Bt HERBERT E. CARTER akd CARL M. STEVENS 

{From the Division of Biochemistry, Noyes Laboratory of Chemistry, 
University of Illinois, Urhana) 

(Received for publication, November 20, 1939) 

In a continuation of our work with azlactones (1) we have 
carried out an investigation of azlactone formation in aqueous and 
glacial acetic acid under the influence of acetic anhydride. Such 
a study was of interest in connection with the work of du Vigneaud 
and Meyer (2) and of Bergmann and Zerv'as (3) on the racemiza- 
tion of amino acids. The former authors found that acyl deriva- 
tives of certain amino acids in aqueous solutions were racemized 
by the action of acetic anhydride pro\dded a basic substance, such 
as sodium acetate or pyridine, was present. In the absence of 
the base very little racemization occurred. Comdncing evidence 
was advanced that azlactone formation caused the racemization, 
although the azlactones were not isolated from the reaction mix- 
tures. Bergmann and Zervas (3) studied the racemization of 
acylated amino acids in glacial acetic acid and reported that the 
results obtained depended on the relative amounts of acyl deriva- 
tive and acetic anhydride used in the reaction. In the presence 
of 2 or more moles of acetic anhydride an azlactone was formed 
with resulting racemization of the acyl derivative . In the presence 
of 1 mole or less of acetic anhydride no azlactone was isolated but 
"catalytic” racemization of the derivative occurred. It seemed 
possible that these results might be correlated by a study of the 
factors affecting azlactonization and racemization of acylated 
amino acids. 

The fact that benzoyl-a-aminocrotonic acid azlactone is resistant 
to hydrolysis, and is readily isolated and recrystallized, afforded 
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an excellent means of studying azlactone formation. Therefore 
we undertook a study of the reactions of benzoyl-a-aminocrotonic 
acid and of N-benzoyl-O-methyl-d^allothreonine with acetic an- 
hydride in aqueous and in glacial acetic acid, with and without 
the addition of sodium acetate. The results obtained made it 
desirable to study further racemization in glacial acetic acid under 
the conditions used by Bergmann and Zervas (3). For this pur- 
pose benzoyl-Z-p-methoxyphenylalanine was employed. 

EXPERIMENTAL 

The benzoyl-a-aminocrotonic acid azlactone obtained in these 
experiments was found to consist of a mixture of the cis and tans 
isomers. In order to distinguish these, the substance previously 
obtained (1), melting at 95-96°, will be called Azlactone I, and 
the isomeric compound, melting at 144-145°, will be designated 
as Azlactone II. The latter compound is readily obtained by the 
following method. 

Benzoyl-a-Aminocrotonic Acid Azlactone 11 — 47.4 gm. of N-ben- 
zoyl-O-methyl-dZ-allothreonine were heated on the steam cone for 
10 to 15 minutes with 100 cc. of acetic anhydride. The solution 
was cooled in an ice bath and the precipitate was removed by 
filtration. The solid material was recrystallized from 8 volumes 
of alcohol, yielding 11 to 13 gm. (30 to 35 per cent yields of crude 
Azlactone II melting at 138-140°. The crude substance was 
purified by recrystallization from benzene or alcohol. 

CiiHbOsN. Calculated. C 70.59, H 4.81, N 7.49 
Found. " 70.71, " 4.96, " 7.56 

Azlactone II melts at 144-145°, if the melting point tube is'placed 
in the bath at 135-140° and heated rapidly to the melting point. 
This precaution is essential, since Azlactone II, when heated at 
100° or above, is rapidly converted into a mixture of the isomers 
melting at 83-88°. Azlactone II is converted almost quantita- 
tively into Azlactone I by the action of pyridine at room tempera- 
ture for 15 minutes. This behavior may account for the fact that 
in our previous work (1) only Azlactone I was obtained. 

1 16 to 18 gm. of crude Azlactone I may be isolated from the acetic 
anhydride and alcohol filtrates from Azlactone II, giving a total yield for 
this reaction of 75 to 85 per cent. 
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The structure of Azlactone II was established by hydrolysis to 
Benzoyl-a-aminocrotonic Acid II and by conversion to benzoyl-a- 
aminobutyric acid by the method previously described. 

Bmzoyl-a-Aminocrotonic Acid II — 10 gm. of finely powdered 
Azlactone II were heated on the steam cone with 800 cc. of 0.5 N 
hydrochloric acid for 15 minutes. The solid did not dissolve com- 
pletely. The mixture was cooled in an ice bath and the precipi- 
tate was removed by filtration, jnelding 7.5 gm. of crj'stalline mate- 
rial melting at 140-160°. This was extracted with 100 cc. of 
warm benzene, giving 6 gm. of a mixture of the benzoyl-a-anuno- 
crotonic acids melting at 165-175°. The crude material was 
recrj^stallized from absolute alcohol, giving 4 gm. of pure Benzoyl- 
a-aminocrotonic Acid II. 

GiiHiiOiN. Calculated. C 64.39, H 5.37, N 6.83, neutral equivalent 205 
Found. “ 64.37, “ 5.42, “ 6.90, “ “ 207 

Benzoyl-a-aminocrotonic Acid II melts at 195-198°; Acid I 
melts at 193-195°; a mixture of the two acids melts at 165-170°. 
Acid II is considerably less soluble than Acid I in absolute alcohol. 

Azlaclonizalion of N-Benzoyl-0-Methyl-dl~Allothreonine and of 
Benzoyl-a-Aminocrolonic Add 

In Aqueous Acelic Add with Sodium Acetate — 5.9 gm. (0.025 
mole) of Is-benzoyl-O-methyl-dZ-allothreonine were suspended in 
50 cc. of water containing 2.1 gm. (0.025 mole) of sodium acetate. 
The solution was placed in a bath at 40-45° and tngorously shaken 
while 30 cc. of acetic anhj'dride were added slowly. The benzojd 
derivative rapidly dissolved and after 2 to 3 minutes a white solid 
began to separate. At the end of 15 minutes the solid was re- 
moved by filtration and was recrj'stallized from 50 per cent alcohol, 
giving 3.75 gm. (80 per cent yield) of a mixture of Azlactones I 
and II melting at 80-105°. 

The above experiment was repeated with 5.1 gm. (0.025 mole) 
of Benzoyl-cc-aminocrotonic Acid I. The yield of azlactone melt- 
ing at 83-88° was 3.6 gm. (77 per cent). 

In Aqueous Acetic Add without Sodium Acetate — The above 
experiments were repeated without the addition of sodium acetate. 
The reaction was allowed to proceed for 2 hours. The yield of 
azlactone in each case was 0.2 to 0.3 gm. (4 to 6 per cent). 
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In Glacial Acetic Acid—0J)2b mole of the benzoyl derivative 
was dissolved or suspended in 50 cc, of glacial acetic acid. In 
certain of the experiments 2.1 gm. (0.025 mole) of sodium acetate 
were added. Then 3 cc. of acetic anhydride (0.03 mole) were 
added and the mixture was maintained at a temperature of 38-40° 
during the course of the reaction. After varying lengths of time 
the solution was poured into a mixture of ice and water. The 
precipitate was removed by filtration, w'ashed thoroughly with 
cold water, and air-dried. This material was dissolved in 10 
volumes of alcohol. The solution was diluted with an equal 
volume of water and cooled overnight in the ice box. The pre- 

Table I 

Azlaclone Formation in Glacial Acetic Acid 


yield of nilnctone from 


Time of reaction 

' N-Bonroyl-O-methyl-rff- i 

, nllothreonine ! 

Bonzoyl-a-aminocrotonic acid 

No sodium 
acetate present 

Sodium acetate 
present j 

No sodium j 
acetate present 

Sodium acetate 
present 

Art, 

per cent 

per cent j 

per cent 

per cent 

1.0 

2.1 

36.2 

2.1 

14.9 

1,5 


51.1 


42.6 

2,0 


63.9 

6.4 

57.5 

2,5 


76.6 



3.0 

8.5 

78.6 


74.5 

4.0 ! 


80.9 



6.0 ' 

17.0 


12.8 

87.3 

24.0 i 

63.9 j 

1 

i 

68.2 

i 


cipitate was removed by filtration and air-dried, giving a mixture 
of Azlactones I and II melting at 83-88°. The results of these 
experiments are summarized in Table I. 

The following experiments were carried out to determine accu- 
rately the yield of azlactone produced by the action of 1 mole or 
less of acetic anhydride on 1 mole of benzoyl derivative. 

23.7 gm, (0,1 mole) of N-benzoyl-O-methyl-df-allothreonine were 
dissolved in 100 cc. of glacial acetic acid. 10.2 gm, (0.1 mole) 
of acetic anhydride were added and the solution was warmed on 
the steam cone for 15 minutes (protected from moisture by a cal- 
cium chloride tube). The solution was cooled and poured into 
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icc water. The precipitate was removed by filtration and recrys- 
tallized from 50 per cent alcohol, gi\’ing 15 gm. (80 per cent jdeld) 
of a mixture of Azlactones I and II melting at 83-88°. 

The e-xperiment was repeated with only 5.1 gm. (0.05 mole) 
of acetic anhydride. The yield of azlactone was 6 gm. (64 per 
cent calculated on the amount of acetic anhydride used). 

Azlacionizalion and Racemizalion of Benzoyl-l- 
p-M ethoxy phenylalanine 

Benzoyl-f-p-methoxj'^phenylalanine was prepared by the method 
of Behr and Clarke (4). The product obtained had a specific 
rotation of [a]^ = -1-9.7° in glacial acetic acid and —24.4° in 
50 per cent acetic acid (2.5 per cent solutions). The large varia- 
tion in rotation with change in concentration of acetic acid was of 
some importance in connection with the racemization studies. 

Benzoyl-dZ-p-methoxyphenylalanine azlactone was prepared by 
the method of Mohr and Stroschein (5). The oil remaining after 
concentration of the acetic anhydride was crystallized from 50 
volumes of high boiling petroleum ether. The yield of pure opti- 
cally inactive azlactone, melting at 80-82°, was 65 to 70 per cent 
of the theoretical amount. 

CijHijOjN. Calculated, N 4.98; found, N 5.07 

The azlactone is moderately soluble in petroleum ether and is 
quite soluble in benzene and glacial acetic acid. It is readilj'’ 
hydrolyzed to the benzoyl derivative by standing for a few hours 
in aqueous acetic acid. 

Benzoyl-dZ-p-methoxjqjhenylalanine anilide was prepared b 3 ' 
warming the azlactone for 20 minutes at 60° with aniline. The 
pure anilide, melting at 207-209°, was obtained by recrystallizing 
the crude material from hot alcohol. 

CiiHjjOjNi. Calculated, N 7.48; found, N 7.49 

The anilide is insoluble in water and dissolves to the extent of 
1 gm. in 40 cc. of boiling alcohol. 

Azlacionizalion of Benzoyl-l-p-M ethoxy phenylalanine 

In Aqueous Acelic Acid — 4.0 gm. (0.013 mole) of benzoyl-Z-p- 
mctho.xyphenylalanine, 1,1 gm. (0.013 mole) of sodium acetate. 
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and 13 cc. of water were placed in a 100 cc. flask. 10 cc, of acetic 
anhydride were added and the flask was placed in a bath at 40° 
and shaken intermittently for 15 minutes. The mixture was then 
poured into a separatory funnel containing 150 cc. of ice water 
and 100 cc. of benzene. The contents of the funnel were vigor- 
ously agitated for 5 minutes. The aqueous layer was removed 
and the benzene layer was washed with two 100 cc. portions of 10 
per cent potassium bicarbonate. The benzene layer was dried 
over anhydrous potassium carbonate, and the benzene was 
removed under reduced pressure. The residue crystallized on 
standing in a vacuum de,siccator over phosphorus pentoxidc 
and sodium hydroxide. The crude solid was recrystallizcd 
from 80 cc. of petroleum ether, giving 1.58 gm. (42 per cent 
yield) of benzoyl-dZ-p-mcthoxyphenylalanine azlactone melting at 
79-82°. 

In Glacial Acetic Acid — 6 gm. (0.02 mole) of benzoyl-l-?;- 
mcthoxyphenylalaninc, 20 cc. of glacial acetic acid, and 2 cc. 
(0.02 mole) of acetic anhydride ■wei*e heated on the steam bath for 
15 minutes. The reaction mixture wms cooled and worked up as 
in the previous experiment. The yield of azlactone melting at 
78-82° was 1.25 gm. (22 per cent). 

In the following experiment the benzoyl derivative was treated 
wdth varying amounts of acetic anhydride, and the azlactone 
present in each of the reaction mixtures was estimated by conver- 
sion into the insoluble benzoyl-dZ-p-methoxyphenylalanine ani- 
lide. 

2.99 gm. (0.01 mole) of benzoyl-Z-p-mcthoxyphenylalaninc and 
10 c.c. of glacial acetic acid •were placed in each of four flasks. 
Acetic anhydride Avas added to each flask in different amounts. 
The flasks wore heated on the steam cone for 15 minutes and 10 cc. 
of aniline Avcrc added to each flask. After 3 minutes 100 cc. of 
water were added and the flasks were kept in the ice box overnight. 
The precipitates Avere removed by filtration and recrystallizcd from 
40 volumes of hot alcohol. Pure benzoyl-di-p-methoxyphenyl- 
alanine anilide Avas thus obtained in yields of 0.80, 1.38, 1./9, and 
2.24 gm. respectiAmly from 0.01, 0.02, 0.03, and 0.05 mole of acetic 
anhydride. 2.81 gm. (0.01 mole) of pure azlactone dissolved in 
glacial acetic acid and treated AAuth aniline gave 2.5 to 2.7 gm, of 
anilide. 
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Reaction of Azlaclones with Acetic Acid 

The difference in yield of anilide with increasing amounts of 
acetic anhydride indicates that azlactone formation involves a 
reversible reaction whose equilibrium point is greatly influenced 
by the amount of acetic anhydride present. In order to obtain 
further information on this point the reaction of azlactones with 
acetic acid was investigated. 

A solution of 2.81 gm. (0.01 mole) of benzoyWf-p-methoxy- 
phenylalanine azlactone in 10 cc. of glacial acetic acid was heated 
on the steam cone for 15 minutes. 5 cc. of aniline were added 
and the solution worked up as in the previous experiment. The 
yield of recrystallized anilide melting at 205-207° was only 1.2 gm., 
as compared to a jdeld of 2.5 gm. Tvith unheated azlactone. The 
original filtrate was neutralized with solid sodium hydroxide and 
extracted with ether. The ether extract was washed with a small 
amount of dilute hydrochloric acid, dried, and evaporated. The 
residue was recrystallized from water, girdng a small amount of 
pure acetanilide melting at 111-113°. 

A solution of 5 gm. of benzoyl*df-phenylalanine azlactone (5) 
in 10 cc. of glacial acetic acid was heated at 90-100° for 2 hour’s 
and was then placed in the ice box overnight. The precipitate 
was removed by filtration and air-dried, girdng 2.84 gm. of benzoyl- 
dZ-phenylalanine melting at 176-182° (6). The filtrate was dis- 
tilled under reduced pressure into a flask containing 2 cc. of aniline. 
The recehdng flask was then warmed on the steam cone for 5 
minutes. The solution was cooled and taken up in ether. The 
ether solution was washed with cold concentrated sodium hy- 
droxide and w’ith cold hydrochloric acid. The ether was evapo- 
rated and the residue was recrystallized from ■water, gmng 0.43 gm. 
of acetanilide melting at 112-113°. The residue in the distillation 
flask was extracted with hot petroleum ether and the extract -n-as 
concentrated to a small volume and cooled in the ice box, yielding 
0.5 gm. of crude benzoyl-dZ-phenylalanine azlactone. 

Similar results were obtained when the above experiment was 
repeated with benzoyl-df-p-methoxyphenylalanine azlactone. 

Racemization of Benzoyl-l-p-Methoxyphenylalanine 

By Acetic Anhydride — Benzoyl-Z-p-methoxyphenylalanine was 
rapidly racemized by the method of Bergmann and Zer\"as (3), 
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with amounts of acetic anhydride varying from 0.5 to 3,0 moles 
per mole of benzoyl derivative. It was also racemized readily by 
the method of du Vigneaud and Meyer (2). The benzoyl-dl-p- 
methoxyphenylalanine thus obtained melted at 173-174°.2 The 
racemic benzoyl derivative is very slightly soluble in glacial acetic 
acid, while the optically active isomer is readily soluble in both 
glacial acetic acid and 50 per cent acetic acid. 

By Benzoyl-dl-p-Methoxyphenylalanine Azlactone — It was dis- 
covered, rather unexpectedly, that an azlactone will cause rapid 
racemization of the benzoyl derivative. As a preliminary experi- 
ment 0,84 gm. (0.003 mole) of azlactone was added to a solution 
of 9.0 gm. of benzoyl derivative in glacial acetic acid at room tem- 
perature. In a short time the racemic derivative began to sepa- 
rate. At the end of 12 hours the precipitate was removed, yielding 
2.7 gm. (0.009 mole) of benzoyl-di-p-methoxyphenylalanine melt- 
ing at 173-175°. 

In order to study this reaction further, quantitative determina- 
tions were made of the rates of racemization of benzoyl-l-p- 
methoxyphenylalanine by azlactone and by acetic anhydride in 
the presence and in the absence of sodium acetate. These experi- 
ments were carried out in glacial acetic acid at room temperature, 
under which conditions the racemization proceeded at a readily 
measurable rate. In preliminary runs the acetic acid solution of 
the reactants was placed in a polarimeter tube and the rotation 
was determined at intervals. However, this method was limited 
by precipitation of the racemic derivative. The following pro- 
cedure was finally adopted in order to take advantage of the high 
rotation of benzoyl-f-p-methoxyphenylalanine in 50 per cent 
acetic acid. 

2.99 gm. (0.01 mole) of the benzoyl derivative were dissolved 
in 45 cc. of glacial acetic acid. In certain experiments 1.02 gm. 
(0.01 mole) of sodium acetate were added. The racemizing agent 
was added and the final volume was brought to 50 cc. with acetic 
acid. 5 cc. samples were removed at intervals, the first immedi- 
ately after the reactants were thoroughly mixed. The samples 
were added to 5 cc. of 0,25 n hydrochloric acid. In those experi- 

2 Dakin (7) found this compound to melt at 135-136°. Later, Lamb .anti 
Robson (8) reported a melting point of 173° but did not refer to Dakin s 
work. 
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ments in which no sodium acetate was present in the acetic acid 
solution, 0.1 gm. was added to the hydrochloric acid. The 
mi.vtures were allowed to stand for 12 hours, the solutions were 
filtered, and the rotations were determined. Control e.xperi- 
ments showed that no racemization of the derivative occurred 
during the 12 hours standing in the 50 per cent acetic acid solution 



Fig. 1. Racemization of benzoyl-f-p-methoxyphenylalanine (0.01 mole) 
in glacial acetic acid b 3 ' the action of: Experiment A, benzoj-l-a-amino- 
crotonic acid azlactone (0.01 mole); Experiment B, acetic anhi-dride 
(0.01 mole): Experiment C, acetic anhj-dride (0.03 mole); Experiments 
D, E, F, conditions described in the text; Experiment G, acetic anhj-dride 
(0.01 mole) and sodium acetate (0.01 mole); Experiment H, benzojd-df- 
alanine azlactone (5) (0.01 mole); Experiment I, benzoj'l-df-phenj'lalanine 
azlactone (0,01 mole); Experiment J, benzoyl-dl-p-methoxj'phenj’lalanine 
azlactone (0.01 mole); Experiment K, benzoj-l-df-p-methoxj'phenj’lalanine 
azlactone (0.01 mole) and sodium acetate (0.01 mole) . 

containing the racemizing agent and a small amount of sodium 
chloride and hydrochloric acid. 

Certain alterations were made m the procedure in Experiments 
D, E, and F. In Experiments D and E a solution of 0.01 mole 
of acetic anhydride and 0.01 mole of benzoyl-di-p-methoxj'phenyl- 
alanine in 50 cc. of glacial acetic acid was heated for 2 hours at 
90-100°. In Experiment F a solution of 0.01 mole of benzoyl- 
dZ-p-methoxyphenylalanine azlactone in 50 cc, of glacial acetic 
acid was heated similarly. 0,01 mole of benzoyl-Z-p-raetho.xy- 
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phenylalanine was added to each of the three solutions and the 
rotations were followed in the usual manner. 

The results of these experiments are shown in Fig. 1, 

DISCUSSION 

These experiments indicate that the racemization of an acylated 
amino acid by excess acetic anhydride, in either aqueous or glacial 
acetic acid, occurs by the same mechanism and depends in each 
case on the formation of an azlactone as the racemizing intei- 
mediate. Sodium acetate increases the rate of azlactonization 
and rate of racemization in both glacial and aqueous acetic acid. 
It seems probable, therefoi-e, that the main r61e of the sodium 
acetate consists, not in accelei’ating racemization of the azlactone, 
but in increasing the rate of azlactonization. In fact, in aqueous 
acetic acid the acetic anhydride reacts so rapidly with water that 
little azlactone is produced unless the rate of reaction of acetic 
anhydride with the acyl derivative is increased by the addition of 
sodium acetate. 

The racemization of an acylated amino acid by less than 1 
mole of acetic anhydride may be explained by either of the 
reactions shown in Equations I and II. 



Equation I has been postulated by Clarke (9) as a possible 
explanation of Bergmann’s “catalytic” racemization. The exist- 
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dice of such an equUibnum seems to bo well established by our 
results. However, Equation I does not satisfactorily explain the 
racemization of benzoyl-i-p-methoxyphenylalanine by the various 
azlactones, since this racemization is much more rapid than that 
produced by an equivalent amount of acetic anhydride. It is 
verj' probable that this effect involves a chemical reaction between 
the azlactone and the benzoyl derivative, since the unreactivc 
benzoyl-a-aminocrotonic acid azlactone causes no racemization of 
benzoyl-Z-p-methoxyphenylalaninc. The rapidity with which the 
racemization occurs suggests that an azlactone may be the 
racemizing intermediate, as .shown in Equation II. This reaction 
(or, perhaps, a combination of the two reactions) seems to 
afford the most logical explanation of the “catalytic” racemiza- 
tion. 

In continuing this work we have discovered that certain acyl 
derivatives of f-proline and of X-methyl-d-phenylalanine are 
rapidly racemized by the action of acetic anhydride in glacial 
acetic acid. Since azlactonization is impossible in these com- 
pounds, some other intermediate is responsible for the racemiza- 
tion. The nature of the intermediate is being investigated, and 
a study is being made of the effect of variation in the acyl group 
on the rate of racemization of acylated amino acids in glacial and 
aqueous acetic acid. 


SUMMARY 

1. A study has been made of the azlactonization of benzoyl- 
a-aminocrotonic acid and of N-benzoyl-O-methyWf-allothreonine 
in aqueous and in glacial acetic acid. Both the cis and irons 
isomers of benzoyl-a-aminocrotonic acid azlactone are produced 
in certain of these reactions. 

2. The azlactonization and racemization of bcnzoyl-f-p- 
methoxyphenylalanine have been investigated. 

3. The azlactones of benzoyl-df-p-methoxyphenylalanine, ben- 
zoyl-dZ-phenylalanine, and benzoyl-df-alanine cause a rapid 
racemization of benzoyl-f-p-methoxjqjhenylalanine in glacial 
acetic acid. 

4. Racemization of acylated amino acids by the procedure of 
du Vigneaud and Me 3 'er (2) and of Bergmann and Zerv^as (3) is 
discussed in the light of these studies. 
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EFFECT OF REPEATED INSULIN EEYPOGLYCEMIA ON 
THE LIPID COMPOSITION OF RABBIT TISSUES 

By LOWELL O. RAKDALL 

{From Ihe Research Service of the Worcester State Hospital, Worcester) 
(Received for publication, November 25, 1939) 

The wide usage of large hypoglycemic doses of insulin as a 
therapeutic agent in the treatment of psychoses prompted the 
study of the effects of such treatment on the lipid composition of 
tissues, particularly of the brain, in experimental animals. Al- 
though it is generally recognized that the brain utilizes only car- 
bohydrate- for energy under normal conditions, while other tissues 
have the ability to oxidize fat, it is not known what the brain 
uses for energy during prolonged hypoglycemia when the carbo- 
hydrate reserves are exhausted. On the basis of a wide-spread 
destruction of brain cells which was accompanied by a movement 
of water and potassium out of the cells, Yannet (1) postulated 
that some of the brain cells die when the carbohj’-drate reseia'es 
of nervous tissue are exhausted during prolonged insulin hypo- 
glycemia. 

It has been conclusively demonstrated that the metabolism of 
phospholipid in the brain is an extremely slow process (2), in- 
dicating that phosphohpid has a structural rather than a meta- 
bolic significance. Under normal conditions phospholipid and 
probably cholesterol are apparently replaced only as the result of 
the process of wear and tear of the tissue. We wished to study the 
effects of abnormal metabolism such as must occur under insulin 
hypoglycemia on the lipid composition of the brain. We have 
included the adrenal glands, which are known to hypertrophy 
under the influence of insulin (3). We were further interested 
in possible changes in the liver, kidney, spleen, and muscle. 

Methods 

The control and experimental rabbits matched for age and 
weight were kept for similar periods of time on the same vege- 
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table diet. The experimental animals were given a convulsive 
dose (3 to 10 units per kilo) daily. After an animal had several 
severe convulsions, it was given 25 cc. of 50 per cent sugar solu- 
tion by stomach tube. During the period of treatment, the ani- 
mals received 300 to 600 units of insulin and had fifteen to thirty 
convulsions. All of the experimental animals died in convulsion 
and the controls were killed with ether. 

Weighed samples of the various tissues were extracted repeatedly 
with boiling alcohol and ether. Duplicate aliquots of the e.\- 
tract were used for lipid determinations. Phospholipid was de- 
termined by Bloor’s method (4). Acetone-soluble lipid was 
oxidized directly after evaporation of the solvent and calculated 
according to Bloor's method for total fatty acid plus cholesterol 
(5). Free cholesterol was precipitated as the digitonide from the 
acetone-soluble fraction in a mixture of 1 cc. of 1 per cent digito- 
nin in alcohol, 1 cc. of alcohol, 2 cc. of acetone, 2 cc. of water, and 
3 drops of 5 per cent HCl. After standing for 24 hours, the 
digitonide Avas centrifuged, washed with hot water, acetone, and 
ether, transferred to oxidation flasks, and oxidized by the Okey 
procedure (6). In the case of the adrenal glands, total cholesterol 
was saponified in centrifuge tubes according to the method of 
Sperry and Stoyanoff (7). After acidification Avitli HCl, the 
procedure followed that for free cholesterol. Neutral fat in the 
adrenal glands Avas calculated as total acetone-soluble fat minus 
total cholesterol minus 67 per cent of cholesterol esters. Total 
lipid Avas taken as the sum of phospholipid and acetone-soluble 
lipid. 

Fisher’s t value (8) Avas used for the statistical appraisal of the 
data. 


t = 


Xi-Xs 


M / ~ 1 ~ Xj j _ (SXi)^ _ 


(sx,y 

Ni 


If the probability attaching to t Avas not greater than 0.05, avc 
designated the difference as significant and, if 0.01 or les.s, as 
highly significant. 

Results 

The mean values together with the pertinent statistical criteiia 
A for the lipid fractions of the various tissues of the seventeen 
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control and seventeen insulin-treated rabbits are recorded in 
Tables I and II. From Table I it may be obsenxd that phospho- 
lipid in the insulin-treated animals is significantly lower in the 
nen'ous tissues, uith the e.xception of the midbrain, than in the 
controls, while it is not different in the other tissues.* No signifi- 
cant differences in the mean cholesterol values were observed in 
any of the tissues. The acetone-soluble lipid, which includes 
cholesterol and neutral fat, is significantlj’’ lower in the whole 
brain, hemisphere, and pons; it is not different in the midbrain, 
cemcal and thoracic cord, spleen, and muscle; and it is higher in 
the liver and kidney of the insulin-treated than in the control 
animals. Since the free cholesterol does not show significant dif- 
ferences between control and e.xperimental animals and cholesterol 
esters are usually present in relatively unimportant amounts, it is 
considered that the changes in the acetone-soluble lipid fraction 
are due to variations in neutral fat. Therefore neutral fat must 
be decreased in the brain and increased in the liver and kidney of 
the e.xperimental animals. The mean values for total lipid in the 
treated animals arc significantly lower in the nenmus tissues, with 
the possible e.xception of the midbrain; they are not different in 
the liver, muscle, and spleen ; and they are higher in the kidney. 

The statistically significant differences between the mean values 
of the various lipid fractions of insulin-treated and control animals 
are admittedly small. However, on the assumption that the 
samples are random, a real difference is indicated when the prob- 
abilities attaching to the differences are less than one in a hundred. 
Furthermore, the consistency of the differences in mean values 
in the vrarious nervous tissues indicates that real differences have 
been demonstrated. 

From Table II it may be obsciwed that when calculated on the 
basis of moist weight cholesterol esteis are significantlj’’ lower, 
while neutral fat is significantly higher in the adrenals in the 
insulin-treated than in the control animals. The mean values 
for phospholipid, free cholesterol, and total lipid are not signifi- 
cantly different. The changes in cholesterol esters are emphasized 
further by the significant rise in the phospholipid-total cholesterol 
ratio and the ester cholesterol-free cholesterol ratio. 

' The values on whole brain were calculated from the weights and per- 
centage composition of the parts; i.e., hemisphere, midbrain, and pons. 
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Table II 


Mean Values and Slalistical Criteria of Lipids in Adrenals of Seventeen 
Control and Seventeen Insulin-Treated Rabbits 



Cholesterol 



1!| 

"o 

o 

E 

*0 

tJ 

E 

Phospholipid 






M 

2 

o 


Total 

Free 

Eater 

s 

o 

2 

5 

o 

8 2 
tP 

z 

2 

s 

1 


In per cent of moist adrenal weight 


□ 

Mean 

3.57 

6.30 

H 

5.50 

5.82 

19.26 

M 

mm 

213 


S.D. 


1.42 


1.22 

2.93 

4.46 

Ik 

Kwiw 

48 

19 

Mean 

3.54 




10.35 

20.35 


5.33 

355 


S.D. 

0.45 



0.86 

4.38 


0.28 

1.77 

86 

t 



5.42 

1.51 

5.95 

3.74 



5.60 

6.36 

p 


>0.05 

<0.01 


<0.01 

<0.01 






In mg. per kilo body weight 


C. j 

Mean 

3.52 

5.88: 

0.75 

5.18: 

5.69 

18.46 


m 

94 

i 

S.D. 

1.21 

2.27| 

0.30 

1.92: 

3.81 

7.73 



28 

I. 

Mean 

5.43 

6.20 

0.96 

5.14! 

16.34 

32.04! 


H 

150 


S.D. 

1.64 

1.99 

0.41 

1.59 

9.10 

12.90 



37 

1 


4.06 

0.45 

1.79 

0.07 

4.78 

3.95 

1 



P 


<0.01 

>0.05 

>0.05 

|>0.05 

<0.01 

[ 

<0.01 


■ 



C. = control; I. = insulin-treated. 


Table III 

Slalistical Analysis of Data from Page elAl. (9) Mean Values, in Per Cent 
of Moist Weight, for Lipids of Eleven Normal and Ten Insulin- 
Treated Rabbits 




FhosphoUpid 

Cholesterol 

Total lipid 



Mean 

S.P. 

1 

Mean 

S.D. 

t 

Mean 

B.D. 

t 

Brain 

c. 


0.42 

1.86* 

2.02 

0.30 


7.73 

0.75 

1.05* 


I. 

6.36 

0.35 

2.33 

0.23 

7.34 

0.94 

Liver 

c, 

I. 

2.90 

2.98 

0.45 

0.37 

m 

0.33 

0.32 

0.67 

0.05 


3.28 

3.17 

ii 

0.67* 

Kidney 

c. 

I. 

2.65 

2.57 

0.18 

0.13 

1.16* 

0.45 

0.58 

0.13 

0.08 

2.85t 

3.46 

3.44 

o o 

0.07* 


C. = control; I. = insulin-treated. 
* P = >0.05. 
t P = >0.01 < 0.05. 
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Insulin Effect on Tissue Lipids 

Since there is a significant increase in the adrenal weights in 
the experimental animals, it is desirable to calculate the results 
on the basis of mg. per kilo of body weight, which eliminates the 
variation in percentage composition due to variation in organ 
weight. It is apparent that the results arc decidedly different. 
Whereas phospholipid is now significantly higher in the adrenals 
of treated animals, total and ester cholesterol are not different 
while the differences in neutral fat and total lipid are exaggerated. 

DISCUSSION 

In Table III is presented a statistical analysis of data from 
Page et al. (9). It includes the means and statistical criteria of 
the lipids of organs obtained from eleven normal and ten insulin- 
treated rabbits. The treated animals ivere given a single fatal 
dose of insulin. It is apparent that the single dose of insulin had 
no significant effect on the lipids of the brain and liver, while in 
the kidney only the cholesterol is apparently increased. 

Our results indicate that after repeated insulin convulsions the 
brain and spinal cord lose phospholipid and perhaps neutral fat, 
while cholesterol remains unchanged. From the fact that a single 
convulsive attack is unable to affect brain phospholipid signifi- 
cantly it appears unlikely that the brain is able to use this fat 
for energy metabolism. The histological evidence, reviewed by 
Weil, Liebert, and Heilbrunn (10), indicates an extensive destruc- 
tion of brain cells in repeated hypoglycemic treatment. The dis- 
integration of the nerve fibem following the death of the nerve 
cells probably accounts for the loss of phospholipid in nervous 
tissue. The split-products of the phospholipid and the neutral 
fat are likely carried away by the blood stream. It is difficult to 
account for the fact that cholesterol does not disappear at the 
same time. In degenerating peripheral nerves, it was found that 
phospholipid and cholesterol disappeared at the same rate (11), 
while neutral fat increased. It is possible that the central nervous 
system has a mechanism for removing fatty acids as neutral fat 
but is unable to remove cholesterol. 

There exists considerable doubt concerning the changes which 
insulin, in single injections, may produce on the fat content of 
.skeletal muscles and internal organs. According to Theis (12) 
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the injection of a single lethal dose of insulin produces a decrease 
in the phospholipid and a proportionate increase in the neutral 
fat content of the liver; this is denied by MacLachlan (13) and 
Page el ah (9). Roper and Smith (14) obsen-ed a slight rise in 
liver fat, ivhile Omura and Nitta (15) obser\-ed a fall. In addi- 
tion, the former authors obsen-ed a rise in muscle fat; the latter 
also found a rise in muscle fat as well as an increase in heart and 
kidney fat. Page el al. (9) found no changes in the lipids of the 
heart and onlj’’ a possible increase in kidney cholesterol. 

In chronic hypoglycemic treatments over a period of days 
Theis (12) obsen-ed an increase in neutral fat and a decrease in 
phospholipid, similar to that which was found in acute e.vperi- 
ments on liver fat. Our results confirm this shift in so far as the 
change in neutral fat content of the liver is significant but the 
slight lowering in the mean values for phospholipid is probabl 3 - 
insignificant. Our results further indicate a rise in neutral fat 
content of the kidney but no changes in spleen or muscle. 

So far as the author is aware, the effect of insulin on the lipid 
content of the adrenal glands has not heretofore been studied. 
In 1924, Riddle el al. (3) obsen-ed that insulin con\-ulsive treat- 
ments produced an hypertrophy of the adrenal glands, a finding 
wliich we have confirmed. In the hypertrophied organ we have 
found a decrease in the cholesterol esters, when calculated as per 
cent of moist weight, while the absolute amount of cholesterol 
esters remains unchanged. The content of free cholesterol re- 
mains unchanged in either case. These results indicate that 
cholesterol and its esters are not concerned wth adrenal hyper- 
trophy-. However, Andeison and Speriy (16) found that choles- 
terol esters were decreased in both percentage and absolute 
amounts in the hypertrophied orgaas of spayed, pregnant, and 
parturient rats. 

The increase in the absolute amounts of phospholipid in the 
hypertrophied organs indicates that this substance is concerned 
with the hj-pertrophying process. It is probable that as the 
adrenals hypertrophy phospholipid is .synthesized in situ in the 
newly formed cells. The increased content of neutral fat is prob- 
ably part of the mechanism for providing the fatty acids essential 
for phospholipid .sjmthe.sis. 
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Insulin Effect on Tissue Lipids 


SUMMARY 

Repeated insulin hypoglycemia convulsions were induced in 
seventeen rabbits. Seventeen untreated rabbits served as con- 
trols. The brain, liver, kidney, spleen muscle, and adrenals were 
analyzed for lipids. The insulin treatments produced a small but 
statistically significant decrease in the phospholipid and neutral 
fat content of nervous tissues but no change in cholesterol. 

Phospholipid and cholesterol were not significantly affected in 
the liver, kidney, spleen, and muscle. Neutral fat was increased 
significantly in the liver and kidney only. 

The adrenal glands were hypertrophied. In these glands the 
absolute amounts of phospholipid and neutral fat were increased, 
while free and ester cholesterol remained constant. On a per- 
centage basis the amounts of phospholipid and free cholesterol 
remained constant; the ester cholesterol was decreased and neutial 
fat increased. 
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EFFECT OF TESTOSTERONE ON SERUM LIPIDS IN 
SCHIZOPHRENIA 

Bt LOWELL O. RANDALL 

{From the Research Service of the Worcester Stale Hospital, Worcester) 
(Received for publication, November 25, 1939) 

The relationship of male sex hormones to lipid metabolism has 
not been conclusively demonstrated. Whereas Blinoff (1) found 
no significant changes in the blood cholesterol values of dogs 
before and after castration, Kochakian et al. (2) found that the 
plasma lipids paralleled the nutritive state of castrates; fat cast- 
rates had high values, while thin castrates had normal values. 

McCuIlagh, McCullagh, and Hicken (3) observed a common 
tendency to a fall in the level of blood cholesterol during a period 
of injection of androgenic urinary extracts into h 3 rpogonadal 
and eunuchoid subjects. This tendency was more pronounced 
in fat eunuchs who had extremely high blood cholesterol values. 
However, Kochakian et al. (2) state that no noteworthy change 
occurred in the plasma lipids of a normal dog, a thin castrate, 
or a fat castrate following the daily injection of as much as 60 
mg. of androstenedione for 3 days. Likewise, in two castrate 
dogs testosterone oxime and testosterone benzoate, injected for a 
period of 2 days, had no sigruficant immediate or dela 3 "ed effect 
on plasma lipids. 

As a part of a larger program on the therapeutic use of the male 
sex hormone, testosterone propionate, and its effects on manj' 
physiological variables on schizophrenic subjects, we have studied 
the effects of repeated injection of testosterone in oil on the 
serum lipids of patients. As control studies the A-ariation in 
serum hpids of a series of patients treated with comparable 
amounts of sesame oil were followed. The studies of the effects 
of testosterone on normal subjects are being carried out and will 
be presented in a subsequent paper. 
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Serum Lipids in Schizophrenia 


Methods 

25 mg. of testosterone propionate, dissolved in 1 cc. of sesame 
oil, were injected three times a week for a period of 3 weeks into 
a series of nine schizophrenic subjects. Similar amounts of 
sesame oil Avere injected into another series of ten sehizoplironic 
subjects. 

Blood samples were taken on the testosterone-treated subjects 
at weekly intervals for 2 weeks preceding treatment, for 3 Avecks 
during treatment, and for 1 week folloAving treatment. In tlie 
oil control series, tAvo samples were taken before and tAvo during 
treatment at AA^eekly intervals. The serum lipids Averc analyzed 
by methods previously described (4). 

Results 

The effects on serum lipids of 3 Aveeks treatment of nine schizo- 
phrenic subjects Avith testosterone propionate are presented in 
Table I. The means presented shoAv a statistically significant 
upward shift in the various lipid fractions during the period of 
treatment, foIloAved by a return toAvard the initial level after 
treatment.^ Although there is considerable individual Amriation, 
the trend in lipid values is usually upAvard during the period of 
treatment, Avith the maximum in the 3rd Aveek. The trend is 
usually downward tOAvard the initial level in the 1st Aveok fol- 
loAving treatment. 

Table II contains the means and standard errors of the lipids 
of the ten schizophrenic subjects treated Avith sesame oil. It is 
readily apparent that there is no significant shift in any of the 
lipid fractions. Thus the oil menstruum could not account for 
the changes noted in the testosterone-treated series. 

1 The data were tested by Fisher’s analysis of variance. The F ratios 
were formed from 

B etween means of period variance 
Interaction variance 

where the variance between means of periods measures the scatter not of 
single readings but of the average reading of periods around the group 
mean, and the interaction variance measures the variation not ascribable 
to the individuals or to the periods. The P values corresponding to the F 
ratios were taken from Snedecor’s tables. If Pp is less than 0.05, we call 
the means significantly different; if Pp is less than 0.01, this difference 
between the period means is highly significant. 
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Table I 

,1/cans and Standard Errors of Serum Lipids of Nine Schizophrenic Subjects 
Treated with Testosterone 


The mean values are given in mg. per cent. The rh figure repre sents 
the standard error = s/'v/n — 1 where s = "v/ (2(z — i)*)/(n — !)• 


n *= 0 

Premcdication 

Jledication 

Poetmed- 

icatlon 

1st -wk. 

2QdT7k« 



3rd wk. 

Istwlc. 

Kean 

Mean 

Mean 

Mean 

Mean 

Mean 

Phospholipid* 

186 

184 


203 

224 

186 


±8.25 

±7.36 

±9.93 

±7.57 

±8.29 

±4.04 

Total cholesterol* 

172 

174 

186 

188 

198 

169 


±5.86 

±4.86 

±8.68 

±7.89 


±7.25 

Free cholesterol* 

50 

52 

54 

54 

56 

48 


±1.71 

±1.61 

±3.21 

±1-96 

±1.96 

±2.18 

Ester cholesterol* 

122 

122 

132 

134 

141 

121 


±4.57 

±3.89 

±5.93 

±6.04 

±3,61 

±5.29 

Neutral fatf 

113 

103 

132 

137 

151 

106 


±10.71 

±13.50 

±12.36 

±9.57 

±12.04 

±13.07 

Total lipid* 

555 

548 

608 

620 

658 

529 


±19.79 

±21.46 




±19.11 


All trends of the above values are significant (<0.01) except for neutral 
fat which falls between 0.05 and 0.01 (still significant). 

* Pr < 0.01. 

< 0.05 > 0.01. 


Table II 

Means and Standard Errors of Serum Lipids in Ten Schizophrenic Subjects 
Treated with Sesame Oil 


The mean values are given in mg. per cent. 


n = 10 

Prcmedication 

Medication 

1st wk. 

2od wk. 

1st wk. 

2nd wt. 

Mean s.n. 

ilean b . t . 

Mean s.s. 

Mean s.c. 

Phospholipid 

193 ± 4.33 

192 ± 3.87 

193 ± 3.27 

193 ± 3.70 

Total cholesterol.. 

176 ± 6.07 

176 ± 5.60 

174 ± 5.80 

175 ± 5.57 

Free " 

50 ± 1.63 

52 ± 1.90 

49 ± 2.10 

49 ± 1.97 

Ester “ 

126 ± 4.97 

124 ± 4.10 

125 ± 4.23 

125 ± 3.93 

Neutral fat 

118 ± 9.20 

120 ± 10.43 

116 ± 10.77 

105 ± 10.73 

Total lipid 

570 ± 16.60 

572 ± 18.27 

567 ± 16.77 

555 ± 18.60 


^^one of the above trends is significant; all give Pp > 0.05. 
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Serum Lipids in Schizophrenia 

TIISGUSBION 

The continuous rise in the serum lipid values in the schizo- 
phrenic subjects during the 3 weeks of treatment together with 
the absence of change in sesame oil-treated subjects indicates some 
real effect of testosterone in the patients. However, the results ol 
Kochakian ei at. (2) on normal and castrate dogs indicate that 
a short period of treatment with male sex hormone has no effect 
on blood lipids. Previous results (4) on schizophrenic subjects, 
pointing to a low lipid level and a return toward the normal level 
during prolonged insulin treatment, were considered to afford 
evidence of an abnormal lipid metabolism in the schizophrenic 
subject. The present results with testosterone treatment indi- 
cate that the sex hormones may play a part in the maintenance 
of a normal lipid metabolism. The fact that a certain proportion 
of castrated animals becomes fat, while others remain thin, in- 
dicates that fat metabolism has been disturbed in some of the 
animals at least. Furthermore, sex hormones are apparently 
necessary for the maintenance of the normal weight and histo- 
logical structure of the adrenal, pituitary, and thyroid glands (5). 
It is possible that the male sex hormone raises the abnormally low 
lipid values in the schizophrenic subjects by an indirect action on 
other glands of internal secretion. 

SUMMARY 

The injection of testosterone propionate during a period of 3 
weeks into nine schizophrenic subjects produced a continuous rise 
in serum lipids followed by a return toward the initial level after 
medication. Sesame oil injections had no significant effect in 
ten subjects. 

We acknowledge our indebtedness to the Schering Corporation 
for the testosterone propionate used; this was supplied through 
Dr. R. G. Hoskins. 
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THE ACTION OF PAPAIN AND TRYPSIN ON CERTAIN 
DEHYDROGENASES 

By FREDERICK BERNHEIM 

(From the Department of Physiology and Pharmacology, Duke University 
School of Medicine, Durham, North Carolina) 

(Received for publication, December 9, 1939) 

Tissue suspensions of dehydrogenases often rapidly lose their 
activity. This loss may be caused by the action of proteolidiic 
enzjunes. To test this possibility the effect of trypsin and 
papain on the dehydrogenases was studied. Tissue preparations 
containing several dehydrogenases and very little proteinase Avere 
used. The results showed that the added proteinases attacked 
some dehydrogenases much more rapidly than others. 

EXPEBISIENTAL 

The liver and kidney of the rat were used as the source of the 
dehydrogenases. 10 gm. of liver or 3 gm. of kidney were chopped 
uith scissors, ground Arith sand and water, and squeezed through 
muslin. The suspensions were then adjusted to pH 6.6 by the 
addition of a small amount of acetic acid, made up to 50 cc. with 
water, and centrifuged. The liquid Avas discarded and the solid 
AA’as suspended in another 50 cc. of water and acidified and centri- 
fuged again. This Avas done tvs-ice for the kidney and three times 
for the Ih'er. In both cases the liquid after final centrifugation 
contained onl3'' traces of hemoglobin. Further washings had no 
effect on the results, so that changes in the o.Aadation rate of 
p-phenylenediamine, Avhich Avas used to measure the actiA'ity of 
the cytochrome-cytochrome oxidase system, were not due to 
changes in the hemoglobin, AA'hich according to Elliott and Meigs 
(1) can also oxidize the amine. After the final Avashing the solid 
Avas suspended in 0.05 m phosphate buffer at either pH 6.7 for 
the action of papain or pH 7.6 for the action of trypsin. This 
amount of phosphate buffer did not interfere AA-ith the formol 
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Dehydrogenases 


titration which was carried out at intervals concurrently with 
testing the activity of the dehydrogenases in the Warburg ap- 
paratus. The tissue preparations alone showed no oxygen uptake 

The papain was a preparation from Eimer and Amend labeled 
papayotin and the trypsin was pancreatin from Merck which also 
contained amylase and lipase. The enzymes were added to the 
tissue preparations, so that the final concentration was 1.0 mg. 
per cc. Immediately after mixing an aliquot was taken for the 
formol titration and for measuring the oxidation rate. The 
amount of inactivation was proportional to the amount of hy- 
drolysis. 

The preparations with and without papain or trypsin were 
incubated at 40° in flasks open to the air. No preservative wa.s 
necessary and the papain was used without cyanide. Inactiva- 
tion of the dehydrogenases was complete in 60 to 100 minutes, 
depending on the relative concentrations of tissue and proteinase. 
The control kept its initial activity for 250 to 350 minutes with the 
exception that the oxidation rate of p-phenylenediamine fell off 
gradually after 100 minutes. The final disappearance of activity 
in the control was not due to oxidation of — SH groups. 

In the liver, the succinoxidase, cytochrome-cytochrome oxi- 
dase system, the choline oxidase, and the amine oxidase were 
studied; in the kidney, only the first two and the d-amino acid 
oxidase. Experiments on the succinoxidase and cytochrome sys- 
tem in heart and brain showed exactly similar results. 0.5 cc. 
of the tissue preparation after incubation for various times with 
and without the proteinases was added to 1.3 cc. of buffer, pH 
7.8, in the Warburg vessels and after temperature equilibration 
0.2 cc. of the substrate containing 2.0 mg. Avas added. Readings 
were then taken 10, 20, and 30 minutes after the addition of the 
substrate. The 20 minute readings of the control are designated 
100 per cent, and in Table I the 20 minute readings in the presence 
of the proteinases are given in percentages of this value. The 
formol titration results are given in cc. of 0.02 n sodium hydroxide. 

Table I shows the following fact.s. Tiypsin inactivates the 
dehydrogenases at lower formol titration values than i)a])ain. 
The d-amino acid oxidase and the amine oxidase are inactivated 
more slowly than the other enzymes. The succino.xidase activity 
disappears more rapidly with tryp.'^in than papain, although the 
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rate of inactivation of the cj'tochrome system is the same with 
the two proteinases. Experiments with methylene blue at cor- 
responding times show that trypsin has not inactivated the dehy- 
drogenase part of the succinoxidase system, whereas papain has 
caused some inactivation. These results indicate that some other 
protein is essential for the utilization of oxygen by the succinoxi- 
dase. Recent results by Stern and IMelnick (2) and Hopkins, 
Lutwak-Mann, and Morgan (3) also indicate that this maj* be 
the case. Similar experiments suggest that this is also true for 
the choline oxidase. 


Table I 

Effect of Incubation with Papain at pH 6.7 and Trypsin at pH 7.6 on Activity 
of Certain Dehydrogenases in Rat Liver and Kidney 


. 

Proteinase 

Time of 
incubation 

Activity 

Fonnol 
titration, 
0.02 k 
NaOH 



ntn. 

j>«r cent 

ee. 

Liver 





Succinoxidase 

Papain 

65 

75 



Trypsin 

65 

29 

mSm 

Cj'tochrome o.xidase 

Papain 

65 

68 



Trypsin 

65 

59 

mm 

Choline oxidase 

Papain 

65 

70 



Tiypsin 

65 

48 

■la 

Amine oxidase 

Kidney 

Papain 

80 

85 

0.90 

Succinoxidase 

<( 

35 

35 

0.62 


Trypsin 

35 

6 

0.38 

Cytochrome oxidase 

Papain 

35 

41 

0.62 


Trypsin 

35 

40 

0.38 

d-.Amino acid oxidase 

Papain 

40 

86 

0.70 


Trypsin 

40 

78 

0.42 


DISCUSSION 

Certain proteins present in the tissue preparations used are 
very sensitive to the action of papain and trypsin, even though 
neither enzyme was used at its optimum pH and the papain was 
used without cyanide. Inactivation of the succinoxidase in 
particular occurred in 60 to 90 minutes, when the formol titration 
values were only about 20 per cent of the values reached if the 
hydrolysis was allowed to proceed for 24 hours. This indicates 
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that certain essential proteins are very sensitive to hydrolytic 
activity and are inactivated when hydrolysis has proceeded only 
to a small degree. 


SUMMARY 

1. The action of papain and trypsin on the siiccinoxidase, 
cytochrome-cytochrome oxidase system, choline oxidase, d-amino 
acid oxidase, and amine oxidase of rat liver and kidney has been 
studied. 

2. The amine oxidase and the d-amino acid oxidase are inacti- 
vated much more slowly than the others by both proteinascs. 

3. The oxygen uptake but not the methylene blue reduction by 
the succinoxidase is inactivated more rapidly by trypsin than 
papain. 

4. The cytochrome oxidase system is inactivated more slowly 
than the succinoxidase by the proteinascs. 

5. The succinoxidase and choline oxidase are inactivated at 
about the same rate. 
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Tlie purpose of this paper is (1) to present data obtained from 
the analyses of whole blood and serum of dolphins; (2) to utilize 
these data to determine the distribution of water and electroljdes 
between the cells and the serum; and (3) to offer a comparison of 
these results with similar findings for dog and human blood. 

Although great numbers of cetaceans (whales and dolphins) 
have been sacrificed for commercial purposes, little scientific infor- 
mation is available concerning the biologj’ of this unique order. 
Particularly, the recorded analj-tical data for blood and tissues 
are scanty and for the most part unreliable, because of the difficulty 
of securing uncontaminated samples from li-ving animals. Of the 
reports found in the literature, in only two instances was the blood 
taken from living animals (1, 2); the other reports were based on 
analyses of specimens obtained post mortem, mostly from the 
larger whales (3). There is no need to emphasize the difficulty 
of obtaining blood samples from large whales. The unavoidable 
lapse of time between the killing of these animals and the collection 
of the samples is sufficient to allow significant changes to take 
place in the blood; furthermore, there is great likelihood of con- 

* Part of the expense of this project was defrayed from a grant-in-aid 
of the Committee on Research in Endocrinology of the National Research 
Council and from the Biological Grant from the Rockefeller Foundation 
to the University of Chicago. 

t The authors are listed alphabetically' because the work was carried 
out by them as a group. 
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tamination with sea water and body fluids. In view of the increas- 
ing interest in the biology of the cetaceans, it is important to have 
recorded analytical data obtained under controlled conditions. 

Physiological Methods 

During the summer of 1939 we were enabled to secure live 
specimens of bottle-nose dolphins {Tursiops truncaius).^ 

From six bottle-nose dolphins six blood samples were taken 
under oil by heart puncture, with the animals out of water. Four 
of these samples Avere taken from unanesthetized animals and two 
were taken from animals anesthetized by the intraperitoneal injec- 
tion of sodium phenobarbital.- One-half of the sample was imme- 
diately centrifuged under oil ; the other half was defibrinatcd. The 
pH, carbon dioxide content, blood cell volume, and osmotic pres- 
sure were determined at the base laboratoiy, while the samples 
of serum and defibrinated blood were shipped to Chicago for 
complete analyses. 

The blood samples were placed for shipment in unbreakable 
cellulose nitrate containers® of about 80 cc. capacity. The sample 
was cooled to approximately 5® in the plastic vial, which was 
covered with a rubber cap and sealed with adhesive tape. The 
vial was placed, tightly cushioned with rubber stoppers and cotton, 
in a precooled wide mouth thermos jar of pint capacity. The 
space between the vial and the jar Avas filled Avith crushed ice; the 
jar was then stoppered, packed in a corrugated carton, and shipped 
immediately by Air Express. Plastic containers Averc used in 
preference to glass to eliminate breakage in transit. The samples 

* The collection of this material, as avcU as of a number of tissues, glands, 
and body fluids, was made possible through the Avhole-hcarted cooperation 
of the scientific and technical staffs of the Marine Studios, Marinelnnd, 
St. Augustine, Florida. The location of the Marine Studios is ideal for 
the capture of dolphins; the trained personnel handles these animals with- 
out injuring or unduly exciting them. The efficient service of the Eastern 
Air Lines and the Air Express of the Raihvay Express Agency was an indis- 
pensable link in the transportation of the samples from St. Augustine or 
Jacksonville to the laboratories in Chicago. 

2 All the animals so anesthetized died of respiratory failure within 1 hour 
after injection, even if only partially anesthetized Avith minimal doses of 
the drug. 

’ Obtained from Ivan Sorvall, 210 Fifth .\venuc. New York. 
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reached the Cliicago laboratories within 18 or 20 houi'S of the time 
of collection, cold and in excellent condition. 

Chemical Methods 

All serum and blood analyses were made in duplicate. In 
order to obtain the most accurate results the composition of the 
red blood cells was determined from the analyses of the whole 
blood and the serum, and the accompanjdng measurement of cell 
volume. The following determinations were made on the serum: 
pH, total COj, water, chloride, protein, albumin, globulin, sodium, 
potassium, calcium, magnesium, inorganic pho.sphorus, and os- 
motic pressure. On the whole defibrinated blood, determinations 
were made of cell volume, water, chloride, sodium, and potassium. 
In some of the experiments the whole blood was also analyzed for 
magnesium and oxygen capacity. 

The pH of the senun was determined by an anaerobic glass 
electrode. Carbon dioxide content and o.xygen capacity were 
measured with the Van Slyke and Xeill manometric gas appa- 
ratus (4). Chlorides were determined by the wet ashing method 
of Van Slyke (5) with the Wilson and Ball modification (6) ; water, 
by weighing 2 cc. aliquots before and after drying to constant 
weight in platinum crucibles in a 100° oven; and inorganic phos- 
phorus, by the Fiske and Subbarow method (7). 

Proteins were determined by the micro-Kjeldahl method of 
Campbell and Hanna (8), the distillation of ammonia being earned 
out in the Goebel modification of the Pregl micro-Kjeldahl distilla- 
tion apparatus (9). The proteins were estimated by multiplying 
by 6.25 the total nitrogen corrected for non-protein nitrogen (10). 
The albumin and globulin were determined by the method of 
Campbell and Hanna (11). 

Sodium and potassium were determined by the methods of But- 
ler and Tuthill (12) and Shohl and Bennett (13), respectiveljq with 
modifications which have ali-eady been described (14). Calcium 
determinations were made by the method of Kramer and Tis- 
dall (15) as modified by Clark and Collip (16), and magnesium by 
the method of Denis (17) with modifications which have been 
reported in a previous paper (18). The amount of magnesium 
was estimated from the colorimetric determination of phosphate 
by the method of Fiske and Subbarow (7). 
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10 normal dogs (Eichelberger, unpublished data) 


Eicheiberger, Petcher, Geiling, Vos 


149 


Table II 


ConcenCralion of Water and Eleclrolylcs in Serum and Cells 
Calculated from the data of Table I. The units are expressed per liter. 


Dolplun No. 


H:0 

Cl 

Na 

K 

Mg 

Anesthetized dolphins 



cm. 

m.eq. 

m.eq,. 

m.tqs 

m.tq. 

2 

Serum 

918.2 

125.4 

164.7 

4.08 



Cells 

705 

82.6 

26.9 

83.4 


4 

Serum 

919.0 

113.3 

160.9 

5.43 



Cells 

707 

72.6 

14.2 

98.2 



Unanesthetized dolphins 


1 

Serum 

930.3 

115.3 

155.4 

4.03 



Cells 

1 700 

63.5 

13.4 

96.5 


3 

Serum 

926.3 

105.1 

149.1 

3.52 



Cells 

685 

48.2 

15.8 

94.8 


5 

Serum 

924.7 

107.5 

154.0 

5.00 

2.12 


Cells 

705 

59.0 

15.8 

102.8 

8.02 

6 

Serum 

928.5 

112.3 

154.6 

4.71 

2.18 

j 

Cells 

700 

59.3 1 

7.7 

103.5 

11.65 

Mean* 

Serum 

927.4 

110.2 

153.3 

4.32 

2.16 

ff , , , . 


2.2 

4.0 

2.4 

0.59 

0.03 

Mean 

Cells 

698 

57.5 

13.2 j 

99.4 j 

9.83 

ff , 


1 7.5 

5.6 

3.3 

3.8 1 

1.8 


10 normal dogs (Eicheiberger, unpublished data) 


Mean 

Serum 1 

! 937.9 

108.5 

145.4 

4.00 

ff 

1 

1 

i 3.1 

4.1 

4.1 

0.62 

Mean 

Cells j 

i 827.2 

62.3 

93.9 

9.37 

ff 


! 0.8 

1 

6.4 

7.7 

1.1 


10 humans (Hald and Eisenman (20)) 


Mean j 

Serum 

937.3 

102. 5t 


4.29 




1.8 

1.0 


0.50 

Mean 

Cells 

404.8 



81.8 

ff 


3.6 ; 

1 ! 


mEm 

5.0 


* Mean for the four unanesthetized animals only, 
t Chloride from data of Hastings el al. (21). 


Osmotic pressure was deteimined itith a modified Baldes ther- 
mocouple (19). The difference was found between the vapor 
pressures of the sample and of a .solution of a known concentration 
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of sodium chloride, measured at 37.5° in an atmosphere of 95;5 
Oz'.COzi and the osmotic pressures were expressed in terms of the 
molality of sodium chloride equivalent to the vapor pressure of 
the sample, corrected for oxygen and carbon ‘dioxide solubilities. 

Results 

In Table I are given experimental results from two groups of 
animals: (1) those anesthetized Avith sodium phenobarbital (Dol- 
phins 2 and 4) and (2) those which Avere unanesthetized (Dolphins 
1, 3, 5, and 6). 

It Avill be observed that all values for both serum and whole 
blood of the unanesthetized dolphins Avere notably constant, and 
that the variations of the Avater content and the concentrations of 
inorganic constituents of the Avhole blood Avere not significantly 
different from the variations of the same constituents of serum, 

From the analytical data given in Table I the distribution of 
Avater and electrolytes in the red cells has been calculated; the 
calculations are presented in Table 11. It Avill be noted that while 
the range of variation of water and electrolyte concentrations in 
the serum of the unanesthetized animals was relatively small, this 
Avas not true for the cells. The total base of the red cell Avas 
composed principally of potassium and sodium, the potassium 
value being 99.4 mM, ±3.8, and the sodium value being 13.2 roM, 
±3.3. The high value for sodium in the serum (153.3 mM, ±2.4) 
is decisively different from that found for land mammals. 

DISCUSSION 

The analytical data presented in this paper Avere obtained with 
blood from live animals under conditions Avhich precluded con- 
tamination or postmortem changes. Previously recorded data 
secured in the study of dead AA'hales are not comparable to ouv 
results. The only figures compai’able Avith ours are those reported 
by Green and Redfield (2) for the oxygen capacity of blood and 
the carbon dioxide content of serum from one living porpoise 
(Phocaena phocaetm). Their value for oxygen capacity (22.18 
volumes per cent) is similar to ours (19.1 volumes per cent); and 
their value for carbon dioxide content (45 Amlumcs per cent, or 
20.21 mn) is loAver than the value of 30.9 mM per liter that we 
obtained for unanesthetized dolphins. 
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Except for the high ■v-alues for sodium and the low albumin to 
globulin ratios, the values for the inorganic cations and all other 
constituents in the dolphin senim agree within expeiimental limits 
■with those for dog senim (Table I). This similarity, however, 
does not hold for the red cells. The total base of the red cells of 
the dolphin is composed mainly of potassium, while in the red 
cells of the dog (Table II) it is chiefly sodium; the red cells of the 
dolphin thus more nearly resemble those of man. It is to be 
noted that the potassium concentration in the dolphin red cells 
is even higher than that in human red cells (Table II). The serum 
osmotic pressures were higher for the dolphin than for man, for 
Margaria gives a value for the latter of 158.6 mil of sodium chlo- 
ride per liter of water (22). 

These findings suggest that the blood system of the bottle-nosed 
dolphin is not appreciably different from that of terrestrial mam- 
mals. In this respect the adaptation which these animals have 
undergone is less pronounced than the structural changes which 
the cetaceans undem'ent in order to make their CMstence compati- 
ble •vrith an aquatic environment (23). Further experimentation 
must be carried out before it can be decided whether this state- 
ment is tenable for other cetaceans and aquatic mammals. 

SUMMARY 

The concentrations of water and electrolytes in the serum and 
red cells of four living, unanesthetized dolphins have been esti- 
mated from the analyses of senun and whole blood and from 
measurements of cell volume. 
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In previous reports (1, 2) there vas presented eiddence which 
could not be fitted into the widely accepted oxidation-reduction 
theory of papain activation (3). In these experiments it was 
shown that papain may be inhibited by means of phenylhydrazinc 
and may be reactivated by means of benzaldehyde. In an attempt 
to study further the process of papain activation, an inactive 
papain preparation (Papain A) was activated by HCN (HCN- 
Papain A) and subsequently precipitated by means of isopropyl 
alcohol. The activity of the enzjune preparation was determined 
before and after this precipitation. If the activation of papain 
by HCN consisted simply in the reduction of disulfide groups of 
the enzyme to sulfhydryl groups, then the precipitated Papain B 
without added activator should have exhibited approximately the 
same actimty as did the HCN-papain before precipitation. How- 
ever, the precipitate was found to behave like an unactivated 
papain, since it was completely inactive toward carbobenzoxy- 
isoglutamine and only slightly active toward benzoylarginine- 
amide. The oxidation-reduction theory of papain activation offers 
no simple explanation for this result. 

Furthermore, the precipitate. Papain B, on addition of HCN, 
regained nearly all of the activity of the original HCN-Papain A. 
This activated Papain B was precipitated a second time by means 
of isopropyl alcohol, resulting in an inactive enzyme preparation, 
Papain C, which, on addition of HCN, regained the actmty of 
the original HCN-Papain A. It is difficult to interpret the nearly 
complete recovery of the original apthdty after two inactivations 
and reactivations by HCN in terms of the disulfide-sulfhj'drjd 


V. 
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theoiy. It is well known (4) that the action of HCN on disulfide 
linkages yields only one sulfhydryl group. 

B-S-S-R' + HCN-»R-SH + R'-SCN 

The action of the various papain preparations discussed above 
upon two synthetic substrates is summarized in Table I. The 
preparations were tested without added activator, with HCN, 
and also wdth cysteine as activator. 

Table I 

Hydrolysis of Synthetic Substrates by Papain Following Isopropyl Alcohol 

Precipitation 


Hydrolysis 


Papain 

solution 

Enzyme 
solution 
per 2.6 co. 

Added activator 

Carbobenzoxyiso- 

glufnmino 

Benzoylarginincsmidc 




2 hrs. 

4 hrs. 

2 hrs. 

4 hts, 


cc. 


per cent 

per ccnl 

per cent 

per cent 

A 

0.3 

None 

1 

0 

6 

7 

B 

0.3 


1 

1 

9 

13 

C 

0.3 


-1 

0 

4 

9 

A 

0.3 

HCN 

35 

54 



B 

0.3 


29 

49 



C 

0.3 


27 

48 



A 

0.15 


22 

29 

46 

61 

B 

0.15 


22 

28 

40 

55 

C 

0.15 


19 

27 

30 

52 

A 

0.3 

Cysteine 

42 

58 



B 

0.3 


43 

57 



C 

0.3 


41 

58 


79 

A 

0.15 


22 

28 

65 

B 

0.15 


25 

30 

68 

86 

C 

0.15 


22 

29 

66 

82 


These experiments may perhaps be best explained by means 
the hypothesis that the HCN combines with the “inactive 
papain to form a dissociable HCN-papain compound whici 
represents the HCN-activated enzyme.' On precipitation of the 
enzyme by means of isopropyl alcohol, the HCN-enzyme com- 
pound dissociates and the precipitate contains the HCN-irec 

1 Maschmann (5) has observed that the inactivation of papain by mcaM 
of iodoacetic acid is reversed upon precipitation of the enzyme y f _ ' 
This finding may also be interpreted as the dissociation of an i . 
papain-inhibitor compound. 
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enz 3 Tne that is inactive towards synthetic substrates. Corre- 
spondingly, it may be assumed that the activation by cysteine 
consists in the formation of a dissociable cysteine-papain, com- 
pound, and the activation with glutathione in the formation of a 
glutathione-papain compound. More generally, each of the 
various activators combines with the same inactive enzyme to form 
a different activator-enzyme compound. On the basis of this 
theory it may be expected that the specificity of the various ac- 
tivator-enzyme compounds should differ, depending upon the 
nature of the activator applied. This e.xpectation seems to be 
fulfilled in the experiments with benzoylarginineamide reported in 
Table I. The activation with cysteine produces an essentially 
greater enzymatic activity than does the activation with HCN. 
Dr. George W. Irving, Jr., of this laboratory has made similar ob- 
servations regarding the action of HCN-papain and cysteine-papain 
towards carbobenzoxyleucylglycylglycine. In this case, HCN- 
papain possesses the greater actmty. In these activations papain 
appears to act as an apoenzyme which is activated by coenzjmes 
such as HCN, cysteine, or glutathione. 

Mendel and Blood have already found that the activation of 
papain by HCN ndth egg white as substrate coxild be reversed by 
aeration or dialysis. After excluding other possibilities, these 
authors concluded that, pending further investigation, nothing 
remained but to compare the behavior of HCN with that of the 
coenzymes (6). Although this point of view received strong sup- 
port from Willstatter and Grassmann (7), it was pushed into ob- 
scurity with the acceptance of the oxidation-reduction theory. 
It now seems necessary to return to the coenzjme theory of 
Mendel and Blood, and to investigate its validity for the activa- 
tion of intracellular proteolytic enzjmes other than papain. 

The availability of simple synthetic substrates makes possible 
a detailed study of the specificities of the various activator-en- 
zyme compounds. The fact that the various activators may 
produce different specificities should play a significant r61e in 
the biological action of the intracellular enzymes. 

EXPERIMENTAL 

Papain A — ^An aqueous solution of 225 mg. of purified papain (8) 
in 25 cc. (to be referred to as the solution of Papain A) was tested 
for its enzymatic activity by diluting 1.25 cc. of this solution to 
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2.5 cc. through the addition of 0.5 cc. of water and 0.75 cc. of 
0,2 M citrate buffer (pH 5). Similarly, the effect of HCN was 
determined by diluting 1.25 cc. of the papain solution to 2.5 cc. 
with 0.5 cc. of 0.46 M HCN solution (pH 5) and 0.75 cc. of citrate 
buffer. The HCN-papain mixture was incubated for 2 hours at 
40° before being tested. Cysteine-papain was prepared by dilut- 
ing 1.25 cc. of the papain solution to 2.5 cc. with 0.5 cc. of 0.2 m 
cysteine solution (pH 5) and 0.75 cc. of citrate buffer. 0.3 or 

0. 15. cc. of these enzyme solutions was employed per 2.5 cc. of 
test solution, as indicated in Table I, The substrate concentra- 
tion was 0.05 mM per cc. of test solution. The extent of hydrolysis 
was followed by measuring the liberated carboxyl groups according 
to the method of Grassmann and Heyde (9). The temperature 
in all cases was 40°, and the pH of the test solution was maintained 
at 5.0. 

Papain B — 20 cc. of the above solution of Papain A were mixed 
with 8 cc. of 0.46 M HCN solution and incubated at 40° for 2 
hours. The mixture was then chilled and 100 cc. of cold isopropyl 
alcohol were added. After it had been allowed to stand at 5° 
for 30 minutes, the precipitate was centrifuged down and washed 
once with 50 cc. of cold isopropyl alcohol. The centrifuged pre- 
cipitate was dissolved in water to a volume of 20 cc. This will bo 
referred to as the solution of Papain B. Three 1,25 cc. aliquots 
were removed from this enzyme solution and tested without added 
activator, with HCN, and with cysteine, as described for Papain A. 

Papain C — 15 cc. of the solution of Papain B w^erc incubated 
with 6 cc. of 0.46 m HCN solution for 2 hours and, after chilling, 
mixed with 100 cc. of cold isopropyl alcohol. The resulting pre- 
cipitate ■was centrifuged and washed as in the case of Papain B, and 
its enzymatic activity tested as described for Papain A. 
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In hog erepsin, the presence of at least two distinct polypep- 
tidases, namely leucylpeptidase and aminopolypeptidase, ap- 
pears to be certain. These have been prepared in en 2 ymatically 
pure condition and their properties studied (1-3). In the case of 
leucylpeptidase, leucylglj'cine and leucyldiglycine are hydrolyzed 
rapidly and at equal rates, but alanyl and glycyl peptides are 
split very slowly. The hydrolysis of all the substrates split by 
leucylpeptidase is activated by Mg and hln ions. No metal 
activator has been found for hog aminopolypeptidase, but it 
may be characterized by its unusually rapid hydrolysis of prolyl- 
diglycine and trigl}’’cine, which are split only' very' slowly by' 
leucylpeptidase. 

Magnesium activation of leucylglycine hydrolysis by peptidases 
of Tnbifex eggs has been reported by Holter et al. (4), but no 
data were given for leucyldiglycine hydrolysis. Magnesium 
activation of the hydrolysis of leucyldiglycine but not leucyl- 
glycine by peptidases of Clostridium hislolyticum was reported 
by Kocholaty et al. (5). A hog leucylpeptidase-like enzyme has 
been shown to exist in three plants (6) and in some bacteria (7). 
Abderhalden and Hanson (8) have presented e\adence for the 
presence of a leucylpeptidase in bovine eye lens and cornea. 
In both cases the hydrolysis of leucylglycine was activated by 
magnesium ions and, -with the lens extracts, leucylglycine and 
leucyldiglycine were split at equal rates. 

In the present paper, leucylpeptidases are shown to be present in 

• Supported in part by a grant from the Wisconsin Alumni Research 
Foundation. 
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tlie proteolytic enzyme systems of human duodenum, rat in. 
testiiie, rat carcinoma tissue, chick intestine, trout tissues, lobstei 
tissues, cockroach intestine, and the bacteria Pseudomonas fluo- 
rescens and PMzohium irifolii, but not in brewers’ yeast or molds 

EXPERIMENTAL 

Methods 

Crude enzyme extracts were generally made as follows; FresI 
tissues were ground witli sand, then suspended in 4 to 5 time: 
their weight of 20 per cent by volume aqueous glycerol, ant 
allowed to extract, without pH adjustment, in the presence o! 
toluene for 4 to 24 hours. The extracts were clarified befon 
use by centrifugation or filtration with Hyflo super-cel.^ Enzyim 
extracts were made from the bacteria, molds, and yeast as pre 
viously described (3, 7). Cells of Rhizdbium irifolii, Strain 209 
were grown on twenty-eight 1 liter Roux bottle agar plates con 
taining 100 cc. of medium of the following composition: MgSOr- 
7 H 2 O 0.2 gm., XaCl 0.1 gm., CaCOs 0.5 gm., K 2 HPO 4 0.5 gm. 
agar 25.0 gm., yeast water- 250 cc., distilled water 750 cc. Tin 
pH was adjusted to 6.8 to 7.0. 

After 64 hours growtli at 28°, the cells wei’e washed off th( 
surface of the agar and collected by centrifuging. The yield wa; 
4.5 gm. of fresh cells. ^ These were frozen and thawed repeatedlj 
over a period of 2§ months. They were then suspended in 3( 
cc. of water at pH 7 in the presence of toluene and allowed tc 
autolyze for 6 days. Daily analyses for leucyldiglycine-hydro- 
lyzing enzymes indicated maximum enzyme liberation at tliis 
time. The suspension was clarified by centrifuging and the cleai 
extract analyzed. 

Details concerning the substrates and methods used to determine 
the activity of the enzyme preparations have been given in a 
previous paper (3). 

Results 

The similarity of the intestinal peptidase systems of variou.' 
mammals has generally been assumed, but lack of suitable idenli- 

> A filter aid sold by Johns-Manville. 

2 The clear extract from 200 gm. of pressed yeast autoclaved in 1 litci 
of water. 

’ We wish to thank Dr. R. H. Burris for growing these cells. 
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fying characteristics has hitherto made it difficult to prove this 
assumption. E\udence for such similarity is given in the data 
of this paper. 

Table I presents the data for the acti\dties of crude and purified 
peptidase solutions obtained from human duodenum. Crude ex- 
tracts hydrolyzed all six peptides rapidly. A freshly precipitated 
acetone preparation contained a leucylpeptidase (indicated by 
Mg activation of leucylglycine and leucyldiglycine hj'drolysLs) 
contaminated vith a considerable amount of dipeptidase actmty. 


Table I 

Peptidases of Human Duodenum 


Substrate 

Crude extract* 

Acclone-prcdpitaled 

ens>Taet 

Relative activities 
(leucylglj'cine =* 1.0) 

Time of 
incuba- 
tion 

Hy- 

droly- 

sis 

En- 

zjTne 

perScc. 

reaction 

mixture 

Time 
of in- 
cuba- 
tion 

Hydr 

No 

acti- 

ralor 

oly&is 

0.003X1 

MgCl! 

Hums 

cylpcF 

Fresh 

n leu- 
tidase 

Aged 

Ho? 

leucyl- 

pepti- 

dase 

d/-Alanylglycine — 
dl-Leucylglycinc. . . 

Diglj-cine 

dl-Alanjddiglycine. . 
dl-Leucyldiglycine. . 
Triglycinc 

min. 

14.5 

60 

40 

30 

120 

120 

per 

emt 

78 

60 

52 

60 

48 

58 


min, 

60 

60 

39 

120 

35 

120 

per 

cent 

64 

64 

40 
24 

41 

8 

per 

cent 

68 

76 

42 

46 

70 

10 

1 

1 

0.. 

1.0 

0.003 

0.2 

1.0 

0.003 


* 0.1 cc. of enzyme solution (equivalent to 0.02 mg. of fresh tissue) was 
used in 3 ec. of reaction mixture for everj’ peptide e.\-cept diglycine, for 
which 0.5 cc. was used. 

t 60 cc. of crude c.xtract at pH 6.1 were precipitated with 60 cc. of acetone 
and the portion of the precipitate soluble in 60 cc. of HjO was analyzed. 

However, when the preparation was alloived to age for 21 days at 
2°, 98 per cent of the alanylglycine- and diglycine-splitting acti\-ity 
and 77 per cent of the leucylglycine-splitting actmty were lost. 
The dipeptide-splitting activity that remained was erddently 
due to the leucylpeptidase, since in the presence of 0.003 ii MgCh, 
alanylglycine and leucylglycine were hydrolyzed to the extent 
of 76 and 86 per cent respectively, compared to 22 and 48 per 
cent hydrolysis in the absence of Mg ions. Leucylglycine and 
leucyldiglycine were hydrolyzed at equal rates by this aged 
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Fig. 1. pH dependence of human intestinal leucylpeptidase activity. 
0.5 cc. of an acetone-precipitated enzyme preparation was used in 3 cc, 
of reaction mixture for leucylglycine analyses. The incubation time was 
1 hour. 0.003 m MgCh was present in all determinations. LO represents 
leucylglycine; LOG, Icucyldiglycine. 


Table II 

Peptidases of Rat Intestine 


Crude extract* 

Dialyzed acetone-precipitated oniymot 

En- 

Time 

of 

incu- 

bation 

Hy- 

droly- 

sis 

En* 

Time 

of 

incu- 

bation 

Hydrolysis 

Bela- 
tire a^ 
tivilira 
(Icucji- 
glycine 
= 1.0) 

■ 

zyme 
per 3 cc. 
reaction 
mixture 

No 

acti- 

vator 

0.01 u 

MeSOi 

0.001 m 

AlnSOj 

CC* 

min. 

per 

cent 

ec* 


per 

cent 

per 

cent 

per 

cent 


0.25 

50 

52 


1 

19 

28 

46 


0.10 

50 

66 

EH 

3 

12 

51 

66 


0.20 

60 

22 

0.3 

2 

46 

48 

62 

0.1 

0.05 

30 


0.1 

2 

47 

64 

76 

0.4 

0.10 

50 . 


0.025 

3 

12 

38 


1.1 

0.10 

50 

56 

0.3 

1 

36 



0.1 


Substrate 


iZ-Alanylglycine. . . 
d^-Leucylglycine. . . 

Diglycine 

dl-AlanyIdiglycine. 
dl-Leucyldiglycine. 
Triglycine 


Detcr- 


* 1 cc. of crude extract was equivalent to 0.18 gm. of fresh tissue, 
minations were made in the presence of 0.003 m MgCls. 

t 60 cc. of crude extract (a different preparation), at pH 6.7 , were diluted 
to 120 cc. with H2O and mixed with 120 cc. of acetone. The residing 
precipitate was centrifuged down and suspended in 15 cc. of ^ ® 
suspension was then dialyzed against distilled H2O for 12 hours at 2 , an 
clarified by centrifuging before analysis. 
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preparation and tlie activity ratios in general were verj' similar 
to those of hog leucjdpeptidase. 

Fig. 1 shows graphically the pH optima for the hydrolysis of 
leucylglycine and leucyldiglycine bj’’ a fresh, acetone-precipitated 
preparation from human duodenum. Both peptides were hydro- 
lyzed most rapidly at pH 9.4 to 9.6. In the case of leucylglycine, 
the hydrolysis was probably due to a nnxture of leucylpeptidasc 
and a dipeptidase, as discussed above. 



Fig. 2. pH dependence of rat intestinal leucylpeptidase activit 3 '. 0.6 cc. 
of an acetone-precipitated enzj'ine preparation was used in 3 cc. of reactiqn 
mixture for leucyldiglj'cine {LGG) analj-ses and 0.3 cc. for leucj-lglycine 
{LG) analyses. The incubation time was 1 hour. 0.003 m MgClj was 
present in all determinations. 

The second mammalian intestinal system studied was that of 
the rat. The data are given in Table II. Crude extracts hydro- 
lyzed all six peptides rapidly, thus resembling hog and human 
erepsins. The presence of a leucylpeptidase was etddent from 
the typical Mg and Mn ion activation of leucylglj'cine and leucyl- 
diglycine hydrolysis. The relative actinties of the acetone- 
precipitated preparation approximated those of hog leucylpep- 
tidase. Crude rat erepsin hydrolyzed prolyldiglycine (0.1 sr, 
pH 8) 1.2 times as fast as triglycine. Since this propertj’’ has 
been shown to be characteristic of purified hog aminopolypepti- 
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dase (2), it strongly suggests the presence of such an enzyme in 
rat erepsin. 

The pH-activity curves for the liydrolysis of leucyldiglycine 
and leucylglycinc by rat leucylpcptidase are shown in Fig. 2. 
The curve for leucyldiglycine splitting is veiy similar to the 
one given by hog leucylpcptidase (1). Leucylglycinc was hydro- 
lyzed most rapidly at pH 8.8. 


Tablk III 

Peptidases of Ral Carcinoma Tissue 


1 

Sub.strale 

1 

i 

i 

Crude extract* 

Acetone-prccjpitnted enzymet 

En- 
zyme 1 
pcr3 cc. 
reaction 
mixture 

Hydrolyais 

Time 
of in- 
cuba- 
tion 

Hydrolysis 

Rela- 
tive ae- 
tivilies 
(Jeuc}'!- 
glycine 
= 1.01 

No 

iicti- 1 
vator 

1 

0.001 M 

MuSOi 1 

1 

No 

acti- 

vator 

0.01 it 

MgSOr 

1 

0.001 u 
MnSO, 



per 

per 

1 

per 

per 

per 


I 


cent 

cent 


cent 

cent 

cent 


di-Alanylglycine 

0.2 

15 

15 

2 

29 

54 

50 

0,05 

df-Leucylglycine. . . . | 

0.1 

18 

39 i 

1 

® 1 

19 

32 

1.0 

Diglycine 

0.5 

7 

8 

4 

3 

8 

4 

O.OW 

df-Alanyldiglycine.. . 

0.05 

48 

30 

2 

28 

71 

62 

0.07 

df-LeucyIdiglycino.. 

0.1 

21 

42 

1 

10 

21 

34 

1.0 

Triglycine 

1 0.1 

42 

29 

4 

3 

11 

4 I 

0.005 


* 1 cc. of extract was equivalent to 0.21 gm. of fresh tissue. The incuba- 
tion time was 1 hour. 

t 150 cc. of crude extract were adjusted to pH 6.02, 150 cc. of acetone 
added, and the mixture allowed to stand at room temperature for 1.5 hours. 
The resulting precipitate was centrifuged down, suspended in 50 cc.of HjO 
at pH 6.85, and the suspension centrifuged. 1.0 cc. of clear extract was 
used in 3 cc. of reaction mixture, except for leucylglycinc and leucj’Wi- 
glycine anabases for which 0.06 cc. was used. 

The peptidase system of a Flexner-Jobling I’at carcinonud 
was next investigated for the presence of leucylpcptidase. As 
shown by the data of Table III, rat carcinoma tissue contains a 
leucylpcptidase almost identical in specificity with the purest 
hog leucylpcptidase. 

The presence of a hog aminopolypeptidase-like enzyme in the 
crude extracts was indicated by the fact that probddiglycinc was 
split 1.2 times as fast as triglycine. Crude extracts were unable 

< We wish to thank Dr. G. A. Baumann for supplying the tumor tissue. 
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to hydrolyze appreciably either d-leucylglycine or d-leucyldi- 
glycine (the racemic mixtures were split at least 150 times as 
rapidly). Peptidases activated by reducing agents, such as have 
been found in anaerobic bacteria and elsewhere (3, 9), appeared 
to be absent, as indicated by the non-activation of alanjddiglycinc 
and leucyldigiycine hydrolysis by either 0.001 m concentration 
of the reducing agent p-methylaminophenol sulfate or by 0.001 
M ZnSOi. 


Table IV 

Peptidases of Chick Intestine 



Crude extract* 

Acetone-predpilated enxymet 

Substrate 

Enxyme 
per 3 cc. 
reaction 
mixture 

Hy- 

drolyaia 

Time 
of in- 
cuba- 
tion 

Hydrolysis 

Kelative 
activities 
(lencyl- 
glycino 
= 1.0) 

Ko 

acti- 

vator 

0.01 M 

MeSO, 

0.001 u 
MnSOi 


ec. 

per cent 

Ars. 

per amf 

per cent 

per cent 


df-.AIanyl glycine 

0.005 

48 

4 

19 

35 

48 

0.2 

dl-Leucylglycine 

0.05 

86 

1 

8 

17 

50 

1.0 

Diglycine 

0.15 

76 

4 

6 

10 

11 

0.05 

dl-Alanyldiglycine 



6 

35 

60 

66 

0.2 

di-LeucyIdiglycine 

0.05 

d 

2 

14 

48 

68 

0.7 

Triglycine 

0.05 

76 

6 

16 

16 

22 

0.07 


* 1 cc. of crude e.vtract was equivalent to 0.21 gm. of ivet tissue. The 
substrates all contained 0.003 m MgCl*. The incubation time was 1 hour. 

f 50 cc. of crude extract (a different preparation) were mixed at pH 
6.45 with 50 cc. of acetone and allowed to stand at room temperature for 
1.5 hours. The resulting precipitate was centrifuged down, suspended in 
50 cc. of a-ater, and the suspension clarified by centrifuging. After aging 
for 10 days at 2°, the solution was analyzed. I.O cc. w.as used in 3 cc. of 
reaction mixture in all cases. 


In Table IV the data obtained with the peptidase system of 
chick intestine demonstrate the presence of an Mg-Mn-activated 
leucylpeptidase. In order to remove considerable amounts of 
dipeptidase and non-activatable polypeptidase actmties, a long 
treatment with acetone had to be used. This jdelded a prepara- 
tion with .specificity and metal activatability properties quite 
similar to those of hog leucylpeptidase. In the presence of 0.005 
M MgS 04 , the acetone-precipitated preparation hydrolyzed 0.05 
M leucyldigiycine 1.2 times as rapidly as 0.05 sr glycyl-dZ-leucyl- 









164 Occurrence of Leucylpeptidase 

glycine. Chick leucylpeptidase hydrolyzes leucyldiglycine most 
rapidly at pH 8.7, as shown in Fig. 3. 

The usual acetone precipitation technique did not yield verj- 
pure leucylpeptidase preparations from either the intestine or 
liver of the trout {Salmo irideus), as shown in Tables V and VI. 
In both cases, alanylglycine- and diglycine-splitting enzjmies 
appeared to withstand the acetone treatment very well. How- 



Fio. 3. pH dependence of leucyldiglycine hydrolysis by trout and chick 
leucylpeptidases. 0.08 cc. of an acetone-precipitated 'preparation froro 
trout intestine (Curve I) and 0.10 cc. of an acetone-precipitated preparation 
from trout liver (Curve II) were used in 3 cc. of leucyldiglycine reaction 
mixture which contained 0.001 m MnSOi. For the determinations with 
chick leucylpeptidase (Curve III), 0.88 cc. of an acetone-precipitated 
preparation was used in 3 cc. of a reaction mixture containing 0.003 
M MgClj. 

ever, the presence of a leucylpeptidase in both tissues appears 
certain, since the leucyi peptides were split at equal rates {in 
the presence of Mn ions) and their rates of hydrolysis were ac- 
celerated by Mg and Mn ions. It may be seen that the hydrolysis 
of alanylglycine and diglycine by the crude intestinal extract but 
not by the acetone-precipitated preparations was activated y 
MgS 04 . However, several dipeptidases may be present, since it 
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has been possible to obtain acetone-precipitated preparations 
which split diglycine, but not alanylglj’-cine, more rapidly in the 
presence of MgCb. 

Crude extracts of trout liver and intestine hydrolyzed prolyl- 
digh’^cine about 2.5 times as fast as triglycine, thus differing sub- 
stantially from hog aminopolypeptidase. This difference might 


Table V 

Peptidases of Trout Intestine 


Substrate 

Crude extract* 

Hydrolysis by 
scetone-predpitated 
enzymet 

En- 
zyme 
per 3ccJ 
reaction^ 
mixture 

Hydrolysis j 

No 

acti- 

valoT 

! 0.001 M 

MdSO, 

1 

i 

O.OI u 
MeSOi 

No 

octi- 

Tator 



1 

0.001 u 
CoCIj 

j 

1 


per cent 

per eent^ 

*pcr cent' 

per cent 

per cent 

per cent 

per cent 

dl-Alanj-lglj'cine 

0.25 

28 1 

72 

54 

29 1 

33 

78 

34 

dl-Leucylglycine 

0,08 

28 ! 

63 ! 

37 

27 

30 

55 

36 

Diglycine 

0.25 1 

18 

36t 1 

48 

40 

7 

50 

7 

d£-Alanyldiglycine . . 

0.025 

28 

28 ' 



10 

30 

14 

dl-Leucyldiglj’cine . . 

0.20 

37 

44§ 

51 


8 ! 

54 

12 

Triglycine 

0.12 

30 

45 


I ^ 

5 

58 

5 


* 1.0 cc. of extract was equivalent to 0.20 gm. of fresh tissue. The incu- 
bation time was 1 hour, except for diglycine (2 hours). 

1 20 cc. of crude extract at pH 6.2 were mixed B-ith 20 cc. of acetone and 
the mi.xture centrifuged after 3 minutes; the resulting precipitate dissolved 
completely in 20 cc. of HjO at pH 7.15. Of this solution, 0.6 cc. was used 
in 3 cc. of reaction mixture for alanylglycinc, alanyldiglycine, and tri- 
glycine analyses, and 0.3 cc. was used for the three remaining peptide.s. 
The incubation time was 0.5 hour, e.xcept for triglycine (1 hour). In the 
presence of 0.001 it CoCh, 30 per cent splitting of alanylgl 3 'cine and 12 
per cent splitting of diglycine were obtained. 

1 0.025 cc. of enzyme solution. 

§ 0.05 cc. of enzyme solution. 

be caused by accompanying substances, or by the presence of an 
enzyme other than leucylpeptidase or aminopolypeptidase, which 
hydrolyzes prolyidiglycine veiy rapidly. 

Leucylpeptidase-like enzymes, as indicated bj" Mg activation of 
leuc 3 dglycine and leucyldigljmine hydrolysis, have also been found 
in the spleen, kidney, and ceca of the trout. The relative abund- 
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ance of leucylglycine-hydrolyzing enzymes in trout tissues \va^ 
as follows: spleen 400, liver 190, kidney 148, intestine 93 and 
coca 92. ’ 

From Fig. 3 it may be seen that leucylpeptidase preparations 
(acetone-precipitated extracts) from trout intestine and trout 
liver hydrolyzed leucyldiglycine most rapidly at pH 7.9 to 8.8 
and pH 8.2 to 8.8 respectively. 

Table VI 


Peptidases of Trout Liver 


\ 

1 

Subatrnto 

Hydroly- 
sis by 
crudo 
extract* 

Acetone-precipitated eniymet 

Enzyme 
pcrSce. 1 
reaction 
mixture 1 

Time 
of incu- 
bation j 

Hydrolysis 

No 

activator 

0.001 M 

MnSOi 

0.01 u 
MeSOi 


per cent 

ce. 

hrt. 

percent 

percent ^ 

per toil 

df-Alanylglycine 

62 

0.1 


22t 

66 

29 

df-Leucylglycine 

34 

0.1 


44 

68 

52 

Diglycine. 

23 

0.5 


23t 

60 

24 

di-Alanyldiglycinc . . . 

34 

0.5 

1 1.5 

5 

43 


di-Leucyldiglycinc . , . 

66 

0.2 

1.0 

24 

1 62 


Triglycine 

19 

0.5 

1.5 

5 

34 

10 


* 0.25 cc. of crude extract (equivalent to 0.05 gm. of wet tissue) was 
used in 3 cc. of reaction mixture, except for leucylglycine (0.025 cc.). The 
time of incubation was 0.5 hour, except for leucylglycine and triglycinc 
(1 hour). 

t 33 cc. of crude extract at pH 6.1 were mixed with 33 cc. of acetone and 
the mixture allowed to stand at room temperature for 1 hour. The re- 
sulting precipitate was centrifuged down, suspended in 33 cc. of HsO at 
pH 6.8, and the suspension centrifuged. The clear solution was analj’zed. 

I 0.001 M CoCh did not activate the hydrolj'sis of either alanylglycinc 
or diglycine. 

The bacteria Pseudomonas fluorescens and Proteus vulgaris 
have previously been reported to contain leucylpeptidases whose 
leucylglycine and leucyldiglycine hydrolyses occurred at equal 
rates and which were activated by Mg ions (7). The specificity 
of the Proteus leucylpeptidase (later shown to be activated by 
Mn as well as Mg ions (3)) was similar to that of hog leucyl- 
peptidase, but the Pseudomonas preparation hydrolyzed alany 
and glycyl peptides almost as rapidly as leucyl peptides. It 
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desirable to determine whether Pseudomonas leucylpeptidase 
could hydrolyze glycyl peptides rapidly or whether some con- 
taminating enzymes had been present in the former preparations. 
The data obtained wth a new batch of cells grown and extracted 
as previously described (7) are summarized in Table VII. It 
may be seen that with the proper acetone treatment the gljmyl 
and alanyl peptide-splitting enzymes are destroyed and the re- 


Table VII 

Peptidases of Pseudomonas fluorescens 


1 

Substrate j 

i 

j 

Crude enzyme* 

Acetone-precjpitalcd enzymet 

Time 

of 

incu- 

bfition 

■ 

Time 

of 

incu- 

bation 

Hydrolysis 

! Relative 
activities t 
(leucyl- 
glycine 
- LO) 

No 1 
activa- 
tor 

0.01 M 

MgSO. 

i 0.001 u 
MnSOi 


f hra. 

per c«rif 

hra. j 

par cent 

par cant, 

-per eant\ 


d(-Alaaylglycine < 

t 1 

12 

3 1 

10 

20 

40 

0.2 

dl-Leucylglycine 

1 

30 

1 

8 

32 

36 j 

1.0 

Diglycine 

18 

28 

3 

3 

6 

6 

0.03 

dl- Alanyldiglycine 

1 

10 

3 

8 

18 

38 

0.2 

dl-Leucyldiglycine 

1 

36 

1 1 

10 

36 

62 

1.7 

Triglycine 

18 

34 

I ^ 

! 4 

8 

8 

0.03 


* 0.5 cc. of crude enzyme solution (equivalent to 0.065 gm. of wet cells) 
was used in 3 cc. of reaction mixture, except for leucylglycine and leucyl- 
diglycine (0.25 cc.). The substrates contained 0.001 ir MnSO<. 

1 30 cc. of crude extract at pH 6.3 were precipitated with 30 cc. of ace- 
tone; the precipitate was suspended in H cc. of HjO at pH 7.0, and the 
suspension clarified by centrifuging. 0.5 cc. of the resulting extract was 
used in 3 cc. of reaction mixture, except for leucylglycine and leucyl- 
diglycine (0.26 cc.). 

t Relative activities in the presence of MnSO*. 

suiting preparation has a specificity like that of hog leucylpepti- 
dase. The hydrolyses of all six peptides by the leucylpeptidase 
are activated by both Mg and Mn ions. 

From the data of Table ^TII, a more detailed comparison may 
be made of the specificities of hog and Pseudomonas leucylpepti- 
dases. In most instances the peptides and their substituted 
derivatives were hydrolyzed by the bacterial leucylpeptidase 
at practically the same rates as by hog and plant leucylpeptida- 
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ses (6). However, the bacterial enzyme resembled the plant leu- 
cylpcptidases rather than the hog or chick leucylpeptidase in its 
slower rate of hydrolysis of glycyl-dZ-leucylglycine. 

Preliminary data obtained with the bacterium RhizoUnm 
trifolii, Strain 209, suggest the presence of a leucylpeptidase in 
this organism. As shojvn in Table IX, the hydrolyses of both 


Table VIII 


Specificities of Leucylpeptidases of Pseudomonas fluorescens and 

Hog Intestine 


Substrate 


Pseudomonas fluorescens*, 


Hogt 


Per cent hydrolysis of one linkage in 


dt-Leucyl diglycine 

dt-N-Methylleucyldiglycine 

Glycyl-di-leucylglycinef 

di-Alanyldiglycine 

Triglycine 

Sarcosyldiglycine 

Tetraglycine 

dZ-Leucylglycine 

di-Leucylmethylamine 

Diglycine 

Glycylmethylamine 

dJ-N-Methylleucylglycine 

di-Alanylglycine 

dZ-Prolylglycine 

d^-Prolyldiglycine 

di-Leucyldiglycine + 0.001 m 
MnS04 


1 hr. 

5 bra. 



5 hrs. 

21 his. 

32 

66 

86 

39 

101 

110 

O 

4 

10 

0 

0 

5 

14 

70 

190 

76 

194 

20G 

2 

16 

52 

10 

53 

112 

0 

4 

14 

0 

3 

12 

0 

2 

3 

0 

0 

2 

0 

4 

8 

0 

2 

6 

20 I 

96 

100 

40 

100 

105 

0 1 

2 

2 

6 

10 

17 

2 

4 

8 

1 

2 

13 

0 

0 

2 

0 

0 

-1 

1 

2 

10 

0 

4 

21 

6 

16 

58 




0 

2 

8 

0 

5 

24 

0 

0 

16 

^1 

4 

23 

68 

100 

110 



1 


* 0.3 cc. of an acetone-precipitated preparation was used in 3 cc. of 
reaction mixture, m/300 MgCb was present in all cases except the last, 
t The data are taken from Table VIII of a previous paper (6). 
t The sparingly soluble glycyl-df-leucylglycine was present in m/ 30 con- 
centration. 


leucylglycine and leucyldiglycine are activated by 0.003 M MgCb- 
pH-activity determinations with a crude extract indicated a 
maximum rate of leucylglycine hydrolysis at pH 7.8 and of 
leucyldiglycine hydrolysis at pH 8.6, as shown in Fig. ^ 
difficulty of obtaining sufficiently active preparations preventc 
the more detailed investigation of this proteolytic system. 
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It may be mentioned here that the leucylpeptidase of Phyto- 
Tuonas iumefaciens which was pre\dously reported to be activated 


Table IX 

Peptidases of Rhizohium trifolii 


Substrate 

Tijne of 

Hj'drolj-zis* 

incubation 



r?Z-AlflT>yl2;lyr:iTiR 

hrs, 

5 

percent 

percent 

66 


7.5 

56 

70 

Di^lyr.ine. 

5 

24 

/ZZ-AlftnylHIiplyriJne 

10 


28 

dZ-Leucyldiglycine 

10 ' 

40 

64 


10 

22 




* I cc. of crude extract (equivalent to 150 mg. of wet cells) was used in 
3 cc. of reaction mi.xture. 



Fig. 4. pH optima for the hydrolysis of leucylglycine {LG) (8 hours 
incubation period) and leucyldiglycine {LGG) (9 hours incubation) by a 
crude extract of Rhizohium trifolii, Strain 209. All determinations were 
made with the same amount of enzyme solution in the presence of 0.003 m 
M gCh. 


by Mg ions (7) is also activated to an even greater extent by 
0.001 M Mn ions. 
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Leucylpeptidases have been found in several tissues of the 
lobster, Homarns americanus. As shown in Table X, leucylgly- 
cine and leucyldiglycine hydrolyses by dialyzed enzyme prepara- 
tions from the hepatopancreas, stomach, intestine, and abdomitn! 
muscle are activated by Mg and Mn ions, although in some cases 


Tabi/E X 

Peptidases of Lobster Tissues 


Sourco* 

dl-Lcueylglyclno 

d!-Loucyldiglycino 

Time 

of 

incti- 

bation 

Hydrolysis 

Timo 

of 

incu* 

bation 

H3'dro!j'si3 

No 

acti- 

vator 



No 

acti- 

vator 




hrs. 

per cent 

per cent 

per cent 

Ar». 

per cent 

per ceni 

per ml 

Stomach 

2 

24 

54 

28 

4 

IG 

68 

25 

Hepatopancreas 

1 


92 

50 

1 

15 

58 

20 

Muscle 

4 

41 

70 

44 

5 

16 

54 

24 

Intestine 

G 

13 

48 

28 

6 

4 

28 

X 


* Extracts were dialyzed against distilled water for 24 hours at 2' before 
analysis. The same amount of enzyme was used in each pair of detet- 
minations. 


Table XI 

Peptidases of Cockroach Intestine 


Substrate 

] 

Time 1 
of inou- 
bation 

Hj’drolj'sia* 

No , 
activ.>)tor j 

0.01 M , 

MgSOe j 

0.001 it 

JInSOe 

0.001 H 

CoCI. 

i 

Are, 

percent 

per cent 

per cent 

pereenl 

df-Leucylglycine j 

7.5 

15 

26 

56 


dl-Leucyldiglycine j 

7.5 

' 12 

24 

40 


Diglycine 

8 

I 10 

11 

20 

LiL 


* A crude extract dialyzed for 25 hours at 2° was used as enzyme source. 
The same amount of enzyme was used in all the determinations. 


the Mg activation is very small indeed, a property previous)} 
observed only with certain malt and fish leucylpeptidase prepma- 
tions. 

The existence of a leucylpeptidase-like enzyme in the intestine 
of the cockroach, Periplaneta australasiae, is shown in Table X . 
It may be seen that the hydrolysis rates of both leucylgb’C'ae 
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and leucyldiglycine were markedl 3 '’ increased bj' Mg and Mn ions. 
The presence of an Mn-Co-activated dipeptidasc, described 
previously (3), is also indicated. 

Some organisms, for e.xample yeast and molds, do not appear 
to possess a leuc 3 'lpeptidase. Autol 3 'sates of brewers’ bottom 
3 '^east were analyzed after 2 hours and after 7 days of toluene 
autotysis at pH 6.5. Determinations were made on six peptides 
in the presence and absence of Mg and Mn salts but in no case 
was there any indication of the presence of a leuc 3 dpeptidase. 

Neither Mg nor Mn ions activated leucyldiglycine hydrol 3 'sis 
by crude or purified tissue extracts of the mold Aspergillus para- 
siticus and 0.001 st Mn ions slightly inhibited the h 3 'drol 3 'sis of 
leucyldiglycine by tissue e.xtracts from the molds Penicillium 
terrestre and Penicillium citrinum. These facts strongly suggest 
the absence of a leuc 3 dpeptidase t 3 T)e of enzyme in these molds. 

strmiABY 

1. Relatively pure leuc 3 ’'lpeptidase preparations may be con- 
veniently prepared from a number of sources by precipitation of 
ciTide extracts at pH 6 to 7 with 1 volume of acetone. The 
water-soluble portion of the resulting precipitate contains the 
enzyme. 

2. Leucylpeptidases are shown to be present in the proteolytic 
systems of human duodenum, rat intestine, rat carcinoma tissue, 
chick intestine, trout tissues, lobster tissues, cockroach intestine, 
and in the bacteria Pseudomonas fluorescens and Rhizobium 
trifolii. The characteristics which were used to identify the 
enz 3 mie were (a) activation by Mg and Mn ions, (b) an appro.xi- 
matel 3 ’- equal rate of hydrolysis of leucylglycine and leucyldi- 
glycine, (c) rapid h 3 'drolysis of leucylglycine and leuc 3 ddiglycine, 
slow h 3 ’-drolysis of alanylglycine and alanyldiglycine, and ver 3 ’- 
slow hydrolysis of diglycine and trigl 3 ’^cine, (d) a pH optimum of 
8 to 9.5. 

3. Leucylpeptidases were not found in brewers’ yeast or in the 
molds Aspergillus parasiticus, Penicillium citrinum, and Penicillium 
terrestre. 
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STUDIES ON KETOSIS 


XVn. THE RATE OF DISAPPEARANCE OF ^-HYDROXY- 
BUTYRIC ACID IN FASTED AND FED RATS* 

Br HARRY' J. DEUEL, Jb., LOIS F. HALLMAN, PAUL O. GREELEY, 
JOSEPH S. BUTTS, akd NELLIE HALLIDAY' 

{From the DepaTlments of Biochemistry and Physiology, University of 
Southern California School of Medicine, Los Angeles) 

(Received for publication, November 20, 1939) 

The mechanism by which administered glucose is able to de- 
crease the level of ketonuria in fasting animals has been explained 
bj' widely divergent theories. On the one hand the idea has been 
widely accepted that glucose or its intermediar>" products are 
able chemically to unite with or in some way catalyze the o.xida- 
tion of the acetone bodies by a process which may be referred to 
as ketolysis. Opposed to this is the suggestion that glucose is 
preferentially oxidized when so administered, thus sparing a 
certain amount of fat breakdown with its resultant production of 
ketone bodies. The latter theors’- ascribes the reduction in keto- 
nuria to an antiketogenic effect of carbohydrate. 

There are several strong argiunents which would seem to point 
to the first explanation as the more acceptable one. The in 
vitro experiments of Shaffer (1) demonstrate the marked cataI}T,ic 
power of glucose in causing the oxidation of acetoacetic acid. 
Moreover, it has been shown by Shapiro (2) that the feeding of 
any glucose precursor diminishes the ketone bodj^ elimination 
resulting when acetoacetic acid is fed, although isodj-namic quan- 
tities of non-glucose formers are entirely ineffective in this respect. 
Since the acetoacetic acid could not be stored, the most probable 
explanation for the decreased excretion in the urine is that the 
administered metabolite has catalyzed its o.xidation. The magni- 
tude of decrease in ketone bodj' elimination is far in excess of what 

‘This work was assisted by a research grant from the Rockefelier 
Foundation. 
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may be excreted from endogenous sources even under such favor- 
able conditions for its production as occur in fasting rats Avhich 
have fatty livers. Later, Deuel, Hallman, and Murray (3) 
demonstrated that the exogenous ketonuria of rats receiving 
sodium butyrate as well as the endogenous ketonuria resulting 
after the administration of a high fat diet could be largely abolished 
by an amount of glucose equal in energy value to less than 1 per 
cent of the total fat catabolism. Isodynamic amounts of alcohol 
were entirely ineffective in altering the ketonuria. 

On the other hand, Mirsky and Broh-Kahn (4) were unable to 
show any alteration in the rate of disappearance of injected 
j3-hydroxybutyric acid in rabbits receiving glucose from that of 
fasted animals. These investigators concluded that glucose 
must decrease ketonuria by an antiketogenic action. More 
recently Mirsky, Nelson, and Grayman (5) have reported that no 
difference in the rate of oxidation of injected jS-hydroxybutyric 
acid could be noted in well fed and fasted nephrectomized rats as 
judged by the unmetabolized ketones recovered from the carcass. 

In the present study the rate of disappearance of ^/3-hydroxy- 
butyric acid has been followed in fasted and well fed nephrecto- 
mized rats for 75 and 150 minutes. So that neither the effect of 
the trauma nor that of ether anesthesia might be a factor, the 
operations were performed approximately 20 hours before the 
tests were carried out. 


Procedure 

The experiments were performed on female rats from our stock 
colony, approximately 3 months of age. The body weights used 
for calculation of the doses of /3-hydroxybutyric acid in all cases 
were those obtained 2 days before the experiments, at the start of 
the fast for the inanition group. Nephrectomy was carried out 
under ether anesthesia between 1 and 3 p.m. on the day previous 
to the tests. In order to determine the food consumption of the 
fed group, the animals were placed in separate cages following 
nephrectomy and their food intake determined until the start of 
the experiments. At that time they were given 0.5 cc. of 50 
per cent glucose per 100 sq. cm. of body surface by stomach tube. 
The fasted rats received orally a similar dose of 8 per cent sodium 
chloride solution which is isotonic with the glucose. In the experi- 
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ments in which ^-hydroxybutyric acid was administered, it was 
injected intraperitoncally 30 minutes after the glucose or salt 
solution was administered. I-^-Hydroxybutyric acid was given 
in doses equivalent to 75 mg. per 100 sq.cm, as acetone or 143 
mg. calculated as the acid. The quantities of solution of this 
acid injected were approximatelj’’ 1.00 cc. in our tests. This dose 
is the level that Butts and Deuel (6) have employed in each of two 
daily feedings for the establishment of an exogenous ketonuria. 
It is too great to administer intravenously in a short period but it is 
readily tolerated when given by mouth or intraperitoneally. In 
fact, except for the slight discomfiture which our animals exhibited 
for a few minutes after injection owing to the hypertonic solution, 
they remained in apparently normal condition to the termination 
of the experiment. We have lost only two experiments out of forty- 
six carried out orving to the death of the rats, while two others were 
discarded because diarrhea developed. 1-0-Hydroxybutyric acid 
was prepared from rat urine by the procedure of Bhmden (7). 
After purification as the calcium zinc salt,* the free acid was 
separated by ether extraction. The latter was partially neu- 
tralized with sodium hydroxide to pH 7.4. 

The rats were killed 75 and 150 minutes after the ^-hydroxy- 
butyrate had been injected. The control rats were killed after 
the same interval had elapsed, following glucose or sodium chloride 
solutions, as the animals which were given the /?-hydroxybutyrate. 
Amytal was used for an anesthetic. The rat was ground by 
passing it through a meat chopper three times and the hashed 
material was used for the determination of the acetoacetate and 
acetone and also the (3-hydroxybutyrate fractions. 

Acetoacetate and acetone were determined by distillation from a 
weighed aliquot (usually 50 gm.) in a distilling flask with 250 cc. 
of water and 20 cc. of 50 per cent sulfuric acid. The process was 
continued until 120 cc. of distillate were collected in the receivhig 
flask which was immersed in an ice bath. An appropriate amount 
of the distillate was then used without further treatment for the 
determination of acetone by the Van Slyke technique. No acetone 

' Two samples of the calcium-zinc salt were used for making the sodium 
l-P-hydroxyhutyrate. One sample was prepared by one of us (L. H.) and 
the other by B. Bobbitt. Both showed the theoretical optical rotation for 
l-P'hydroxybutyrate. 
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originates from /3-hydroxybutyrate when subjected to this proce- 
dure. When loiown amounts of diacetic acid were injected intra- 
peritoneally and the rats immediately killed, an average of 79.7 
per cent was recovered. We have therefore corrected our analyses 
by this value. 

For the determination of /3-hydroxybutyrate, an aliquot of 50 
gm. of hashed tissue was mixed with 125 cc. of water and the whole 
brought to a boil with constant stirring. The fluid was expressed 
with a potato ricer, and the practically dry cake remaining was 
reextracted with 75 cc. of water by a similar procedure. This was 
repeated a third time with 75 cc. To the combined extracts in a 
stoppered graduated cylinder, 10 cc. of 50 per cent zinc sulfate 
solution and 2 cc. of 40 per cent sodium hydroxide were added and 
the volume noted. After thorough mixing, the protein was filtered 
off and the filtrate subjected to the copper lime precipitation. 
/3-Hydroxybutyrate determinations were made on the filtrate by 
the Van Slyke procedure. When known amounts of /3-hydroxy- 
butyrate were injected intraperitoneally into well fed rats, and the 
animals immediately sacrificed, the carcasses ground, and 50 gm. 
aliquots extracted, an average of 109.9 per cent of the /3-hydroxy- 
butyrate was recovered in eleven determinations after allowance 
was made for the ketone body content of tissues already present. 
The higher than theoretical recovery is probably caused by the 
large amount of precipitate due to which the /3-hydroxybutyrate 
was not distributed uniformly throughout. On the other hand 
when we have used only 25 gm. of tissue, the recovery in three 
experiments averaged 100.6 per cent. However, because wc have 
always used 50 gm. samples, the values for /3-hydroxybutyrate 
recovered have been corrected. The agreement between different 
aliquots of the same tissue is quite satisfactory. 

Results 

A summary of the experimental data is given in Table I. This 
includes the values for the acetone bodies in the tissues of control 
rats which received no /3-hydroxybutyric acid, but which were 
killed at comparable periods to the experimental animals. ^ Table 
II gives the results of the statistical treatment of the experimental 
data. 
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I -XxospSs^ 


j -dOTOJTOY' 

pulsar 
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c c o fee 
0—0 i- c 



* Rody wuiRlit nnd siirfnco area 2 days before tlio animals were killed. Values in parentheses indicate the clianRc in these 

viduc.s at the time of killinR. 

t IncliidinR the standard error of the mean, b.i5,m. = ■s/tP/n/y/n'. (1) Calnulations on the basis of oriRinal weiRlit or sur- 
face /iroa and (2) on these values at the time the animals wore killed. 

f One atypieal c.xporimont excluded in whioli unusually high retention of fluid was noted. 
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DISCUSSION 

When /'/3-hydroxybutyric acid, partially neutralized to pH 7.4, 
is injected into fasting rats, comparatively large amounts disap- 
pear. Presumably the disappearance is best explained as a result 
of oxidation, since there seems to be evidence that the ketone 
bodies are not convertible to neutral fat or to carbohydrate which 
might be stored. When the rats had considerable stores of carbo- 
hydrate available supplemented by the oral administration of 50 
per cent glucose solution 30 minutes before the acid was given, 
the rate of removal of the hydroxy acid was considerably in- 
creased. The variation was somewhat greater when the concen- 

Table II 


Slalislical Evaluation of Differences in Utilization Rate 


Groups compare<l 

Weight basis 
of comparison 

Ratio, mean 
difference to 
standard error 
of difference* 

Per cent of fed 
rats above 
control level 

On 

weight 

basis 

On 

surface 

area 

basts 

On 

weight 

basis 

On 

surface 

area 

basis 

75 min.. Groups I and II 

Original 

5.32 

5.42 

■ 1 

100 


Killing 

6.54 



100 

150 “ “ III " IV 

Original 

5.12 

5.82 

100 

100 


Killing 

3.95 

4.96 

100 

100 


* Standard error of difference = -x/ts.E.M.i)' -f (s.e.m.:)®. 


tration was highest (in the 75 minute group) but was still evident 
in the experiments carried on for a longer interval. 

We have felt that the most satisfactory basis for comparison 
of the utilization is on the normal weight prior to the initiation of 
fasting. The lowering in body weight due to a 48 hour fast does not 
lower the active metabolizable tissue by a corresponding amount. 
However, we have carried out our calculations of the rate of utiliza- 
tion also on the weight just prior to killing the animals and the 
results are similar. Calculations are also included on the rates 
of utilization based on surface area, Avhich are probably a better 
index than body weight for comparison. An average of only 12.1 
mg. of /8-hydroxybutyratc (as acetone) was utilized per 100 sq.cm, 
per hour during the 75 minute period following the injection of 75 
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mg. of this substance in fasting rats; in those rats which were fed, 
the average utilization was 22.5 mg. (as acetone) per how. In 
the 150 minute period, the rates of utilization were approximately 
the same, being 15.4 and 23.2 mg. per hour for the fasted and fed 
groups respectively. When the surface area is calculated on the 
killing weight, the corresponding rates of utilization for the fasted 
and fed rats for the shorter period are 12.6 and 22.5 mg. per 
hour respectively; for the longer interv’al the corresponding aver- 
ages are 16.1 and 22.8 mg. According to the statistical treat- 
ment given in Table II, it is noted that the differences in rate of 
utilization between the fasted and fed groups at both intervals 
are statistically signi6cant when the surface area is based either 
on the original weight or on the weight at the time the animals 
were sacrificed. 

These results are at variance with the report of Alirsky, Nelson, 
and Grayman (5) who have found no statistically significant dif- 
ferences in the rats subjected to inanition as compared with the 
glucose-fed animals. There are several explanations for their 
failure to obsen'e such differences. One of the most serious of 
these is the fact that the studies were carried out on rats imme- 
diately after recovery from ether anesthesia following nephrec- 
tomy. The depressing effect of ether on carbohydrate metabolism 
is well known and one would not expect a normal response during 
a period immediately following its administration. The trauma 
attendant on the operation might also interfere with a normal 
response. To avoid any such complications, nephrectomies were 
performed on the day prior to the test in the present studj". 

A more serious objection to the experiments of Mirsky, 
Nelson, and Grayman (5) is the fact that the quantity of iS-hy- 
droxybutyric acid administered was too small. Butts and 
Deuel (6) have shoum that no consistent ketonuria is obtained in 
fasting rats when quantities of ketone bodies less than 75 mg. per 
100 sq.cm, (as acetone) are administered twice daily. It is onlj"^ 
when the amount of ketogenic acid fed exceeds the ability of the 
tissues to destroy it that an appreciable ketonuria occure. How- 
ever, when such a ketonuria is produced, it may be decreased when 
glucose is fed to the rat; this fact must indicate that a more rapid 
utilization has occurred in the tissues with a smaller resultant 
excess to be e.xcreted. 



180 


Studies on Ketosis. XVII 


The maximum -amount of ^-hydroxybutyric acid administered 
by jMiislcyj Nelson^ and Giayman was only 8.40 mM per kilo^ which 
is equivalent to 61.6 mg. as i3-hydroxybutyric acid or 28.8 mg. as 
acetone per 100 sq.cm. This is slightly over one-third the dose 
employed by us of 75 mg. as acetone per 100 sq.cm. The rate 
of utilization of /3-hydroxybutyi-ic acid, namely 42.8 and 41.7 mg. 
as acetone per hour, found by the above investigators in their 
fasting rats is much higher than the averages noted by us in our 
corresponding groups which were 20.9 and 26.4 mg. respectively. 

Although any experimental procedure which involves the ad- 
ministration of large amounts of even a usual metabolite must be 
considered abnormal, the administration by the intravenous route 
affords a more sevei’e shock than that by the intraperitoneal path- 
way, which allows the gradual distribution to the tissues. This 
is particularly the case when the substance concerned causes an 
upset in the acid-base equilibrium. That the shock of intravenous 
injection was far greater in Mirsky’s tests^ than in our own, in 
which the intraperitoneal pathway was employed, is evidenced by 
the fact that a considerable mortality obtained in the former case 
with only a 40 minute interval elapsing, while only two fatalities 
occurred in our tests which were prolonged up to 2^ hours. The 
purification of the /3-hydroxybutyric acid by ether extraction fol- 
lowed by the neutralization to pH 7.40 may also account for the 
better tolerances observed in the present series. Not only have 
we found that unpurified commercial sodium /3-hydroxybutyrate 
may contain appreciable amounts of excess base, but also on the 
basis of theoretical considerations the calculated pH of a 2.6 M 
solution of the pure salt is 9.56.^ 

Another difference in technique employed in this series of experi- 
ments as compared with those of Mirsky et al. (5) is that we have 
used the active isomer rather than the racemic /3-hydroxybutyrate. 
However, it seems probable that the variations reported here are 
not ascribable to that fact. In an earlier more extensive series 
of unpublished tests, it was also found that there were differences 
in the rate of utilization of purified dZ-j8-hydroxybutyrate in fasted 
and fed rats. The average utilization of dZ-/ 3 -hydroxybutyrate 

* Personal communication. 

» Calculated from the following formula: pH = ipK« + ipK.. -f i log o. 
Ka — 2.0 X 10"'. C is the concentration of the p-hydroxybutyrate. 
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(calculated as mg. of acetone per 100 sq.cm, per hour) in fasted 
rats was 24.2, 17.3, and 17.6 mg. respectively in tests lasting 75, 
120, and 150 minutes; on the other hand the corresponding rates 
found for fed rats were 32.8, 23 .7, and 22.0 mg. respectively. Sub- 
sequently it was noted that the method of recovery employed in 
this earlier series, although satisfactor 3 ’^ for the hj’-droxybutyrate, 
failed to account for the acetoacetate fraction. However, in the 
present series it has been noted that the differences in the aceto- 
acetate fraction in the tissues of fasted and fed rats are much more 
pronounced than in the /3-h5'drox}'butjT:ate fraction. Had the 
acetoacetate been satisfactorily recovered in the above tests, it 
appears probable that the variations between the fasted and fed 
groups would have been even greater than the figures given above 
would seem to indicate. 

One may suggest that the more rapid disappearance of the 
ketone bodies in the glucose-fed rats is due to the suppression of 
formation of new /S-hydroxj'butjnric acid by the antiketogenic 
action of the sugar. On the other hand, in the fasted rats the 
ketone bodies continue to be produced in endogenous metabolism; 
therefore, the total ^-hydroxybutyric acid isolated from the carcass 
is increased by that formed from endogenous sources. However, 
to obtain the amount utilized, correction is made for the amount 
which would have been present had no j3-hydroxybutyric acid been 
given. Although this quantity does not represent the total turn- 
over of i3-hydroxybutyric acid, it does represent the amount 
present at any time resulting from the equilibrium between that 
produced and oridized by endogenous processes. 

The most logical conclusion from these experiments seems to 
be that glucose increases the rate of disappearance of jS-hydroxj'- 
butyric acid from the tissues of the fasting rat provided a sufficient 
dose is given so that there is an excess in the tissues. The greater 
rate probably is not due to a suppression of formation of this 
compound from endogenous sources (antiketogenesis) but is more 
easily explained by an acceleration in oxidation caused by glucose 
(ketolysis). 


SUXaiAHY 

A procedure is described for recovery of /3-hydroxybutyric and 
acetoacetic acids from the hashed tissues of the rat. 
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When Z-/3-hydroxybutyrate was injected intraperitoneally into 
fasted, nephrectomized rats, the rate of disappearance was found 
to be significantly lower in experiments carried on for 75 and 150 
minute intervals than was noted for animals receiving glucose. 

It is concluded that the rate of disappearance of jS-hydroxy- 
butyrate from the tissues is accelerated when glucose is present. 
The decrease in ketonuria noted by us earlier following the 
administration of carbohydrate would seem to be traced to an 
increased utilization of the ketone bodies in the tissues. 
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Malonate has long been regarded as a specific inhibitor for 
succinic dehydrogenase. The original evidence was obtained in 
Thunberg experiments with resting bacterial cultures (1, 2), and 
similar results were later obtained manometrically with brain 
and muscle tissue (3). The apparent specificity of this inhibition 
has led workers to use respiration experiments with malonate as a 
basis for theories of hydrogen transport (4, 5) and of carbohydrate 
breakdoTO— the “citric acid cycle” of ICrebs and Johnson (6) — 
inasmuch as malonate inhibits the respiration of intact tissue as 
well as of enzyme preparations. However, analj'tical data of 
Weil-Malherbe (7) suggest that malonate may not act specifi- 
cally on succinic dehydrogenase in intact tissue, even though its 
action on purified enzyme systems be highly specific. Moreover 
Das (8) and Szent-Gyorgyi (9) have pointed out that fumarate 
and succinate differ quantitatively rather than qualitatively in 
their action on malonate-poisoned enzyme systems, and pre- 
liminary data of our own also seemed to indicate that malonate 
might not be a specific inhibitor (10). The experimental basis 
for the citric acid cycle has therefore been reexamined by a study 
of the respiration of the various component acids in the presence 
of malonate. 


EXPERIMENTAL 

All experiments were performed with minced pigeon breast 
muscle. The bird was decapitated, and the muscle removed as 
rapidly as possible, chilled on ice for 2 to 3 minutes, and minced 

* Supported by the Wisconsin Alumni Research Foundation and the 
Jonathan Bowman Cancer Fund. 
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in a chilled Latapie mincer. The mince was collected in a chilled 
Petri dish lined with filter paper moistened with saline solution. 
The tissue samples were weighed on cellophane on a torsion bal- 
ance and the material dispersed in the appropriate solution con- 
tained in manometric flasks by means of a wire. 

The oxygen consumption of the tissues was measured at 38° 
in the usual way in a standard Warburg apparatus. Unless other- 
wise stated, the medium used was a Ringer-phosphate buffer free 
of calcium, pH 7.4, in which muscle is known to be more sensitive 
to the dicarboxylic acids (11). The buffer was made up in twice 
normal concentration and diluted either with water or with sup- 
plementary solutions. 

The following acids were studied for their effect upon muscle 
respiration in the presence and absence of malonate: citric, a- 
ketoglutaric, succinic, fumaric, and malic. In addition 
glutamic acid was studied, since by oxidative deamination, it 
yields a-ketoglutaric acid (12, 13). The salts and acids were all 
commercial preparations except a-ketoglutaric acid.* The solu- 
tions of the acids or their sodium salts were neutralized at concen- 
trations of 0.2 M, and further dilutions then made from the neutral 
solution. Fresh solutions were made up at weekly intervals and 
stored at 0° when not in use. Solutions of a-ketoglutaric acid, 
however, were always made up just prior to their use. 

The results of the manometric experiments ■were expressed in 
c.mm. of O 2 absorbed per mg. of tissue (dry weight) (11). Most 
experiments were run for 2 hours. In the analysis of results each 
experimental observation -was compared with its own control, 
since the respiration of pigeon muscle varies from bird to bird. 
While for convenience, only the averages of many experiments 
have been tabulated, the results themselves were remarkably con- 
sistent. 0.001 or 0.005 m malonate invariably inhibited respira- 
tion as compared to the control, and the other acids invariably 
increased it. A similar consistency -was observed when mixtures 
of acids were studied. Respiration was always better in fumaratc 
plus malonate than in equimolar succinate plus malonate, which 
in turn was always better than citrate plus malonate. 

1 We are indebted to M. A. Lipton for this preparation. 
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Results 

While malonate inhibited muscle respiration, in concentrations 
of 0.001 M or less, the most suitable concentration for a compari- 
son of the sensitivity of the various acids to malonate ■was found 
to be 0.005 M. This concentration of malonate inhibited res- 
piration about 70 per cent, and the various acids studied •were 
markedly unequal in their ability to prevent this inhibition. Two 
levels of respiration were used for comparison, (a) the oxygen 
consumed by the unsupplemented control sample, and (b) that 
consumed by tissues supplemented ■with the various acids in con- 
centrations of 0.001 or 0.005 M. This latter was designated “sta- 
bilized respiration.” Over a 2 hour period glutamic acid increased 
respiration nearly 50 per cent; the other acids increased respira- 
tion about 30 per cent. 

All of the acids studied stimulated respiration catalytically; 
that is, the extra oxj'gen consumed in the presence of small 
amounts of the acid was greater than the amount required com- 
pletely to oxidize the added acid. Such data have alreadj' been 
reported for fumaric, malic, succinic (11), citric, and a-ketoglu- 
taric acids (6, 14). We have been able to confirm the results of 
Kirebs and Johnson rvith regard to the latter two acids, using 
Ringer-phosphate buffer, and in addition have observed catalysis 
■ft-ith Z(-l-)-glutamic acid. The amount of oxygen needed com- 
pletely to omdize 2 cc. of 0.0004 m glutamic acid is 80.6 c.mm. 
The extra oxj^gen consumed by 33.2 mg. (dcj' weight) of pigeon 
muscle in the presence of the acid was 249 c.mm. over a 2 hour 
period. 

In Table I the various acids arc listed in decreasing order of 
effectiveness in counteracting malonate inhibition. Fumarate 
and malate were most effective. In the presence of 0.005 xi 
malonate, 0.005 xi fumarate or malate restored respiration not 
only to the level of the unsupplemented control, but also to that 
of “stabilized respiration.” Wlien onlj* half as much fumarate or 
malate was used, 0.0025 mole, the respiration was slightly below 
that of the control sample. 

a-Ketoglutarate was nearly as effectWe as fumarate or malate. 
In equimolecular amounts of malonate and a-ketoglutarate, 
respiration exceeded that of the unsupplemented control, al- 
though it did not reach that of the “stabilized” samples. 
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Succinate was less effective than a-ketoglutarate in compen- 
sating for maionate inhibition. In ecjuimolecular amounts of 
succinate and maionate, respiration was slightly less than that of 
the unsupplemented control, but when twice as much succinate 
as maionate was used, respiration was restored to the “stabilized” 
level. 


Table I 

Respiration of Pigeon Breast Muscle in Presence of 0.005 Mole of Maionate 
and Various Stabilizing Supplements 

All data are expressed as c.inm. of O 2 absorbed per mg. of tissue (dry 
weight) in 2 hours. 


Acid supplements 

Rcapirntion in 
presence of supple- 
ment 

Control respiration, 
unsupplemontod 

No. of 
ej:pori- 
ments 

tfalonato 

No 

maionate 

Maionate 

No 

mnlonote 

0.0025 

M malic 

11.7 

14.3 

3.8 

13.1 i 

2 

0.005 


15.1 

14.3 

3.8 

13.1 

2 

0.0025 

“ fumaric 

13.4 

17.0 

3.9 

14.9 

3 

0.005 

(( n 

18.6 

18.7 1 

4.3 

13.4 

3 

0.01 

tt 

20.5 

21.7 

6.2 

19.1 

2 

0.0025 

“ a-ketoglutaric 

12.4 

18.3 

3.8 

13.1 

2 

0.005 


16.7 

20.3 

3.3 

15.8 

5 

0.01 

t( t( 

15.6 

18.3 

3.5 

13.8 

3 

0.005 

“ succinic 

13.3 

19.8 

4.4 

16.2 

1 8 

0.01 

(t ft 

19.6 

19.8 

4.4 

16.2 

8 

0.005 

“ glutamic 

10.4 

24.4 

3.9 

17.4 

3 

0.01 

te if 

14.0 

22.7 

3.9 

17.4 

3 

0.005 

“ citric 

8.3 

19.8 

4.4 

16.2 

8 

0.01 

t( if 

8.0 

19.8 

4.7 

16.4 

7 


Glutamic acid and citric acid were the least effective acids 
in counteracting maionate inhibition. These acids failed to 
restore respiration to the control level even in concentrations 
twice or 5 times" that of the maionate used. When 0.001 m 
maionate, and corresponding amounts of the Amrious supple- 
mentary acids were used, the diffei’ences observed between acids 
were less marked than in the presence of the higher level of 

2 This latter result should not be stressed, since citrate alone frequently 
inhibits respiration in concentrations above 0.02 m. However, at the 
critical concentration 0.01 m, citrate alone stimulated respiration. 
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malonate. However, citrate was again the least effective of all 
in counteracting malonate inhibition. 

Table II 

ESecl of Di(Tri)-Carboxylte Acids and Malonate on Respiration of 
Supplemented Pigeon Breast Muscle 


All values are expressed as c.mm. of Oj absorbed per mg. of tissue (dry 
weight) in 4 hours. 


Supplements 

Bespiration 

Percent 

Malonate* 

No 

xnalonate 

, inhibition 

0.005 ii malate + muscle juice -f- insulin 

30.3 

41.9 

28 

0.01 " ■' + “ " + *' 

36.0 

44.0 

18 

0.005 " " + “ •' + “ + 

cocarboxylase 

39.0 

37.7 

0 

0.005 M fumarate + muscle juice + insulin 

29.8 

38.2 

22 

0.001 " " + “ 

29.0t 

30.1 

3.6 

0.005 " a-ketoglutarate 4- muscle juice -f 
insuliu 

24.0 

31.2 

23 

0.01 xt a-ketoglutarate -f muscle juice -{- 
insulin 

27.3 

24.8t 

11.2 

! 

* 0 

0.001 n a-ketoglutarate 4- muscle juice 4- ! 

insulin 

9.4t 

16.7 

16 

0.005 M succinate -b muscle juice -f- insulin 

29.7 

43 

0.01 “ + “ “ + " 

29.1 

34.01 

14.2 

0.005 “ " + " " -b “ -b 

cocarboxylase 

1 

20.3 : 

38.8 

48 

0.005 M succinate -b muscle juice -b insulin. . . 

21.8 

34.4 

37 

0.005 “ glutamate -b “ “ + “ 

12.3 

40.9 

70 

0.005 “ citrate -b muscle juice -b insulin 

8.3 

29.2 

71 

0.01 “ “ -b “ " + 

9.6 

26.511 

64 

0.001 “ “ -b “ " -b " 

12. 2t 

15.0 

19 


* The malonate concentration is 0.005 M, except where 0.001 m was used, 
as indicated by f. 

1 0.005 M a-ketoglutarate + muscle juice + insulin. 

§ 0.005 it succinate + muscle juice + insulin. 

II 0.005 XI citrate, etc. 

The differences between the effects of the various acids per- 
sisted in the presence of other supplements, as for example, com- 
binations of muscle juice (^Koclisafl) (11), insulin, and cocar- 
bo.xylase. The respiration of tissue thus highly fortified was 
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decreased 28 per cent or less in the presence of equimolecular 
amounts of malonate and fumarate, malonate and malate, or 
malonate and a-ketoglutarate (Table II). In the presence of 
equimolecular amounts of malonate and succinate “fortified” 
respiration was decreased 40 per cent but, as in “unfortified” 
tissue, respiration was increased when the amount of succinate 
was doubled. In fortified tissue 0.005 M malonate decreased 
respiration 70 per cent in the presence of equimolar citrate or 

Table III 

Increments of Oxygen Uptake during Various Periods of Pespiration 
Following Delayed Addition of Supplements 

All data are expressed as c.mm. of O 2 absorbed per mg. of tissue (dry 
weight). 


Supplements (0.005 m) 



3rd 30 
min. 

4th 30 
min. 

Control 

4.8 

3.3 

1.9 

1.2 

Malonate at 0 min 


1.9 

0.8 

0.2 

0.2 

“ “ 30 “ 


5.2 

1.2 

0.4 

0.3 

Citrate “0 “ 

malonate at 0 min 

2.5 

1.1 

0.4 

0.2 

“ “ 0 “ 

“ “30 “ 

6.0 

1.9 

0.7 

0.4 

Fumarate “ 0 “ 

if ft ft 

5.0 

3.1 

2.1 

1.2 

« « 0 “ 

“ “30 “ . . . . 

5.3 

2.9 

2.0 

1.3 

Succinate “ 0 “ 

ft *( 0 ft 

4.8 

3.9 

2.8 

1.7 

“ “ 0 “ 

“ “30 “ 

8.7 

5.0 

2.8 

2.0 

a-Ketoglutarate at 0 min., malonate at 0 min. 

4.8 

3.6 

2.6 

1.8 

ti H 

0 “ , “ “ 30 “ 

6.2 

5.4 

4.4 

3.5 

Malonate at 0 min. 

fumarate at 30 min 

2.2 

3.0 

2.1 

1.5 

({ (1 Q << 

succinate “30 “ 

2.1 

2.6 

2.2 

1.4 

U ft Q ft 

Qf-kctoglutarate at 30 min. 

2.4 

2.1 

1.2 

O.G 

ft t( 0 ff 

citrate at 30 min 

2.0 

1.3 

0.6 

0.7 


glutamate. Since malonate inhibition ranged from 60 to 80 
per cent in tissues variously fortified, it is doubtful whether the 
citrate or glutamate had exerted any protective action at all. 
Increased amounts of citrate failed to decrease the inhibition 
materially. 

Malonate was also added to media in which tissues had been 
respiring for 30 minutes in the presence of the various acids, thus 
allowing time for the conversion of the acids into othei active 
components as postulated in the citric acid cycle of Krebs and 
Johnson (6). Under these circumstances the effect of the in- 
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hibitor might have been modified. Actually, however, the same 
difierences between the various acids appeared as before (Table 
III). Citrate was again the least effective acid in compensating 
for malonate inhibition. MTien malonate was added first, 
followed 30 minutes later by the various acids, fumarate and suc- 
cinate increased the respiratory rate over that of the preiidous 
period, whereas citrate failed to halt the rapid decline in the rate 
of respiration (Table III). 


DISCUSSION 

The differences in the activity of the various acids in the 
presence of malonate were apparently not due to differences in 
their rates of penetration into the cell, since in the absence of 
malonate the various acids all stimulated respiration to approxi- 
mately the same degree. Such differences as were observed 
could not be correlated with malonate sensitivity, although a 
survey of a large variety of tissues supplemented in various ways 
indicated that citrate catalysis was less frequent than fumarate 
catalysis (10). Glutamate, however, was the most effective acid 
of all in stimulating respiration, although, like citrate, its effect 
was completely nullified by malonate. 

Two explanations might be advanced for the unequal behavior 
of the various acids in the presence of malonate. The first in- 
volves the assumption that malonate acts specifically on succinic 
dehydrogenase. Since the amoimts of fumarate and succinate 
normally found in muscle are small, their effect would be com- 
pletely wiped out by added malonate, and respiration would then 
depend upon the rapidity with which the various acids added 
could restore these substances to a concentration sufficient to 
function in hydrogen transport. The ineffectiveness of citrate 
(and glutamate) in restoring the respiration of malonate-poisoned 
tissue would therefore suggest a slow or inefficient conversion of 
citrate to substances necessary in respiration, such as succinate- 
fumarate. The failure of citrate to restore respiration even when 
added 30 minutes prior to the malonate only emphasizes this 
inefficient conversion. However, if citrate is converted to other 
substances only slowly, or vuth difficulty, this would exclude it as 
a member of an essential respiration cycle, since a basic prerequisite 
for such a cycle is the ready interconversion of its components. 

But citrate unquestionably catalyzes respiration in the absence 
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of malonate ( 6 , 10 , 14). This catalysis, however, might not be 
due to the citrate itself, but rather to catalytic substances formed 
from citrate in the presence of tissue, such as the C 4 acids of 
Szent-Gyorgyi. This idea has been expressed by Elliott and 
Elliott (15) and Szent-Gyorgyi (9). It is given some support by 
the fact that with malonate, glutamate acts much like citrate. 
Glutamate has not been postulated as a member of the citric acid 
cycle, but is known to yield a-ketoglutarate on contact \vith 
respiring tissue. 

A somewhat different interpretation of our results involves 
the suggestion of Weil-hlalherbe (7) that malonate is not a 
specific inhibitor of succinic dehydrogenase, but that it also 
inhibits other systems in intact tissue. "Whereas increased 
amounts of succinate completely compensated for malonate 
inhibition, extra citrate or glutamate failed to do so, suggesting a 
greater, or more permanent malonate sensitivity of the citrate 
and glutamate systems than succinic dehydrogenase itself. 
Isocitric dehydrogenase, however, is not sensitive to malonate 
(16). 

If non-specific inhibition of malonate be assumed, it is still 
difficult to reconcile our results with the theory of a citric acid 
cycle essential for respiration. The inhibition of respiration by 
malonate in the presence of citrate could be attributed to an 
interference with the degradation of citrate, an essential reaction 
in the citric acid cycle. But if this be true, neither fumarate, 
malate, a-ketoglutarate, nor succinate should have been able to 
restore respiration in the presence of malonate, since they can 
hardly be concerned Avith citrate degradation. Hence, it is 
possible that whereas part of the citric acid cycle may be essential, 
the entire cycle as such is not; and furthermore, that the com- 
ponent parts of the cycle can break doAvn in other ways than those 
postulated. Thus a-ketoglutarate is said to be intermediate 
between citrate and succinate: citrate — > — > a-ketoglutarate— ^suc- 
cinate (6, 17, 18). One might therefore expect its respiratory activ- 
ity to be like that of citrate or succinate, or somewhat between the 
two. In the presence of malonate, however, a-ketoglutarate Avas 
definitely more effective in restoring respiration than succinate, 
and very much more effective than citrate. The experiments of 
Hallman and Simola (19) likeAvise suggest other pathAvays of 
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degradation. a-Ketoglutarate incubated with muscle jdelded 
much more citrate than did any of the other membem of the cycle. 

SUMMARY 

1 . The respiration of pigeon breast muscle inhibited by malonate 
was effectively restored by the addition of fumarate, malate, or 
a-ketoglutarate. Succinate also restored the respiration, but 
-relatively more was needed. Citrate and glutamate completely 
failed to restore respiration when 0.005 m malonate was used, and 
were inferior to the other acids in the presence of lower amounts 
of malonate. 

2. Glutamic acid, like citric, a-ketoglutaric, and the acids, 
stimulated respiration catalytically. 

3. An intact citric acid cycle does not appear to be essential 
for the respiration of muscle. The same conclusion is reached 
whether malonate is regarded as a general inhibitor, or as a specific 
inhibitor for succinic dehj'drogenase. 
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DETERMINATION OF PARALDEHYDE IN BIOLOGICAL 

FLUIDS* 

By harry LEVINE axd MEYER BODANSKY 
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Pathological Chemistry, School of Medicine, University of Texas, 
Galveston) 

(Received for publication, December 16, 1939) 

In order to investigate quantitatively the concentrations of 
paraldehyde in blood and urine at various intervals of time after 
the administration of the drug we were in need of a simple, accu- 
rate, and rapid method in which only small quantities of fluid 
would be required for analysis. Apparently the onlj’ published 
method for the determination of paraldehyde in biological fluids 
is that of Nitzescu, Georgescu, and Timus (1). This method is 
based on the depolymerization of paraldehyde by sulfuric acid 
and steam distillation of the acetaldehyde thus formed into a 
sodimn bisulfite solution. The bisulfite-acetaldehyde complex is 
decomposed with sodimn bicarbonate and the bisiflfite determined 
by titration \sith standard iodine solution. No recoverj' data are 
given by these investigators, nor do they state within what limits 
of error the method is applicable. 

To satisfy our particular requirements we have developed a 
method based on the oxidation of paraldehyde to acetic acid in 
the presence of an excess of a potassium dichromate-sulfuric acid 
mixture. With essentially the same tjq)e of apparatus that was 
employed by Newman (2) for the determination of ethj'l alcohol, 
the paraldehyde is removed from the specimen of fluid by vacuum 
distillation and bubbled through the oxidizing mixture. In the 
presence of the high concentration of mineral acid the paraldehyde 
depoljTnerizes to acetaldehyde which is immediately oxidized to 

* This work was supported partly by a grant from the Committee on 
Therapeutic Researeh (No. 383), Council on Pharmacy and Chemistrj-, 
.American !Medical .Association. 
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acetic acid. The excess dichromate is determined by iodometric 
titration \vith sodium thiosulfate. 

Reagents — 

Potassium dichromate-sulfuric acid oxidizing reagent. To 1 
volume of approximately 0.1 n potassium dichromate add 1 volume 
of concentrated sulfuric acid. The acid should be added slowly 
and with adequate cooling. 

Sodium thiosulfate stock solution. Dissolve 24.82 gm. of so- 
dium thiosulfate in water; add 2 ml. of 10 per cent sodium hydrox- 
ide and dilute to 1 liter with distilled water. 

Sodium thiosulfate, 0.025 n. This is prepared by diluting the 
stock thiosulfate and standardizing against potassium iodate. 
1 ml. of 0.025 N sodium thiosulfate is equivalent to 0.5504 mg. of 
paraldehyde. 

Potassium iodide solution, 40 per cent. 

Starch solution, 1 per cent. 

Procedure 

Cover the bottom of a 50 ml. Pyrex Erlenmeyer flask evenly 
with a thin layer of about 8 to 10 gm. of anhydrous sodium sulfate 
(this prevents foaming). Pipette onto this layer 2 ml. (1 ml. may 
be used if desired) of the fluid to be analyzed and stopper tightly 
until ready for analysis. The apparatus is set up as shown in 
Fig. 1. The inlet tube to the oxidizing mixture should have a 
perforated bulb bottom to reduce the size of the bubbles produced 
on distillation. For suction an efficient oil vacuum pump must 
be used. The temperature of the water bath should be kept 
between 65-70°. 

When the sample is ready for analysis, pipette 10 ml. of the 
dichromate reagent into the oxidizing tube (C). Insert the stop- 
per firmly into the neck of this tube, and tighten screw-clamp D 
of the outlet tube to the vacuum pump. With stop-cock A of 
the inlet tube to the Erlenmeyer flask closed, insert firmly the 
2-holed rubber stopper B and suspend the flask in the water bath. 
Start the suction and gradually open the screw-clamp D. In the 
event that foam develops in the Erlenmeyer flask, it may be 
broken by opening momentarily stop-cock A. This operation 
may be repeated if necessary. We have experienced no trouble 
from foaming when a sufficient amount of sodium sulfate was 
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spread evenly on the bottom of the Erlenmeyer flask. The 
vacuum is maintained for 15 minutes. To break the vacuum, 
screw-clamp D, leading to the pump, is closed and stop-cock A 
of the inlet tube to the Erlenmeyer flask is gradually opened. 

The dichromate reagent in the oxidizing tube and that adhering 
to the inside and outside walls of the inlet tube are washed into a 
300 ml. Erlenmeyer flask and diluted to about 100 ml. with dis- 
tilled water. Add 10 ml. of the 40 per cent potassium iodide 



Fig. 1. Apparatus for the determination of paraldehyde in biological 
fluids. A stop-cock of inlet tube, B 2-holed rubber stopper, C oxidizing 
tube, D screw-clamp. 

solution and titrate with 0.025 ir sodium thiosulfate, with starch 
as indicator. It is preferable to add the starch just before the 
end-point, when the color of the solution has changed from j’^ellow 
to a yellovdsh green. Since blood and urine contain small amounts 
of volatile oxidizable substances (3, 4), blank determinations are 
run with similar amounts of the corresponding biological fluid 
which is known to contain no added paraldehyde, alcohol, or other 
volatile oxidizable substances. For chnical purposes the small 
quantities of oxidizable substance present may be disregarded and 
the blank determination made by pipetting 10 ml. of the dichro- 
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mate reagent into a 300 ml. Erlenmeyer flaskj diluting to about 
100 ml. with distilled water, adding 10 ml. of the potassium iodide 
solution, and titrating with the thiosulfate. 

The chemical reactions are represented by the following 
equations. 

2K2Cr207-}- 8H2SO4 4 * 2 (C 2 H 40)3 = 2Cr2(S04)3 "h 2K2SO4 + 6C2H4O2 + 8H2O 
K 2 Cr 207 + 6 KI + 7H2SO4 = 4K2SO4 + Cr 2 (804)3 + THjO + SIj 
2Na2S203 4 " I2 = 2 NaI 4 ~ Na 2 S 406 


Table I 

Recovery of Known Amounts of Paraldehyde Added to Biological Fluids 


In each case 2 ml. of fluid were taken for analysis. 


Fluid 

Paraldehyde added to 
100 ml. fluid 

Paraldehyde 

recovered 

Per cent recovery 


mg. 

mg. 


Water 

25 

24 

• 96.0 


64 

63 

98.4 


70 

71 

101.4 


105 

105 

100.0 


135 

131 

97.0 


147 

145 

98.6 


235 

238 

101.3 

Urine 

60 

60 

100.0 


115 

114 

99.1 


145 

145 

100.0 


149 

149 

100.0 


239 

242 

101.3 

Blood 

18 

17 

94.4 


23 

22 

96.0 


51 

50 

98.0 


55 

54 

98.0 


62 

60 

97.0 


134 

132 

99.0 


148 

145 

98.0 


205 

204 

99.5 


Calculation 

{{B - A) X 0.5504/7) X 100 = mg. per 100 ml. of fluid, 
where B = ml. of thiosulfate required to titrate the blank, 
= ml. of thiosulfate required to titrate the unknown, and 
7 = ml. of sample taken for analysis. 
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The volume of reagent used vdll permit determination of paral- 
dehyde concentrations up to 500 mg. per cent vith 2 ml. samples 
and 1 gm. per cent with 1 ml. samples. 

The accuracy obtainable bj' this method is illustrated by the 
data in Table I. 


DISCUSSION* 

The values given in Table I are approximately of the order of 
magnitude likely to be encountered in blood and urine following 
the use of paraldehyde in clinical and experimental studies. 
When a microburette graduated in 0.01 ml. was used, duplicate 
determinations were found to check uithin 1.5 mg. per cent. 
IVith an ordinary burette graduated in 0.1 ml., duplicate de- 
terminations usually checked within 3 mg. per cent. 

Since this method is based on the removal of paraldehyde 
from the body fluid by vacuum distillation, it is impossible by 
this technique to separate it from other volatile oxidizable sub- 
stances. For this reason the method is not applicable in the 
presence of abnormal concentrations of such volatile substances 
as alcohol or acetone. By this method normal human blood was 
found to contain from 6 to 10 mg. per cent of volatile oxidizable 
material, expressed as paraldehyde. Normal urine was found 
to contain up to 4 mg. per cent. Dog blood contained about 3 
mg. per cent. Since the accuracy of the method is probably no 
greater than within 3 mg. per cent, the values for normal dog 
blood and human urine fall nearly within the range of error of the 
analytical procedure. However, it is of interest to note that if 
the concentrations of the volatile reducing substances in human 
and dog blood were e.xpressed as ethyl alcohol, the value obtained 
would be about 5 mg. per cent for human blood and approximately 
1.4 mg. per cent for dog blood. Gettler, Niederl, and Benedetti- 
Pichler (4), using an especially refined technique, reported the 
average amount of alcohol contained in normal human blood to 
be approximately 4 mg. per cent and in dog blood about 1.3 mg. 
per cent. As there are minute concentrations of volatile o.xi- 
dizable materials other than alcohol, the results obtained in our 
control analj^ses of human and dog blood are in verj' close agree- 
ment with those of Gettler and his associates. 
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SUMMARY 

A simple, rapid, and accurate method is described for the 
determination of paraldehyde in biological fluids. The paral- 
dehyde is removed from the biological fluid by vacuum distillation 
and bubbled through a potassium dichromate-sulfuric acid oxidiz- 
ing mixture. The excess dichromate is titrated iodometrically 
with sodium thiosulfate. 
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THE EXCRETION OF VOLATILE SELENIUM COMPOUNDS 
AFTER THE ADMINISTRATION OF SODIUM SELENITE 
TO WHITE RATS* 

By JULIUS SCHULTZ and HOWARD B. LEWIS 

{From the Department of Biological Chemistry, Medical School, University 
of Michigan, Ann Arhor\ 

(Received for publication, December 22, 1939) 

It is commonly stated (1) that after the admimstration of 
selenium or tellurium salts, volatile methyl compounds, dimethyl 
selenide or telluride, are excreted through the lungs. This meth- 
ylation has long been regarded as one of the classical examples of 
detoxication by methylation and as such is important biologically. 
MTien the exhaled gases of a dog injected with sodium tellurite 
were passed through a solution of iodine in potassium iodide and 
the resultant solution was treated with alkali and sodium sulfide, 
the odor of dimethyl sulfide was evolved. Treatment with re- 
ducing agents resulted in the precipitation of metallic tellurium. 
A characteristic garlic-like odor resembling that of dimethyl tel- 
liuride was observ^ed in the breath of the experimental animals. 
On the basis of this evidence, Hofmeister (2) concluded that the 
excretorj' product was dimethyl telluride. 

The greater toxicity of selenium salts prevented the administra- 
tion of sufficiently large amounts of sodium selenite to make 
possible the repetition of the above experiments. Since the odor 
in the breath of animals injected with selenium salts was similar 
to that of sjTithetic dimethyl selenide and since selenium and 
tellurium are so closely related chemically, Hofmeister was led to 
believe that selenium also was detoxicated and excreted as the 
dimethyl derivative (2). Maasen (3) repeated Hofmeister’s ex- 
periments but did not extend his findings. Although as pointed 

* This research was supported in part by grants from The Faculty Re- 
search and the Rackham Research Funds of the Horace H. Rackham 
School of Graduate Studies of the University of Michigan. 
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out by Challenger (4), “this conclusion lacks experimental verifica- 
tion,” acceptance of the biological methylation of tellurium and 
selenium in the animal organism has been general. The methyla- 
tion of these elements by microbial agencies has, however, been 
definitely established (4). 

The excretion of selenium through the kidneys and gut has been 
studied extensively (5, 6). We have been unable to find recorded 
any quantitative study of the excretion of volatile compounds of 
selenium in animals injected with selenium salts. The present 
investigation is concerned with this problem. Since it is usually 
accepted that the chief volatile product is dimethyl selenide, sub- 
stances which might be expected to furnish methyl groups in 
metabolism (e.g., choline and methionine) and to facilitate thus 
the excretion of selenium in volatile form were administered in 
some experiments to the animals which received injections of 
sodium selenite. 


EXPERIMENTAL 

Adult male white rats were injected subcutaneously with a solu- 
tion of sodium selenite containing approximately 1 mg. of selenium 
per cc. at a level of 2.5 to 3.5 mg. per kilo of body weight. The 
rats wore then placed in a respiration apparatus and the exhaled 
air was analyzed as described subsequently. 

In some experiments the animals received choline chloride or 
methionine in addition to the selenium salt. Methionine was fed 
as the sodium salt through a stomach tube. Single doses of 
choline chloride were injected in aqueous solution with the sodium 
selenite. In other experiments with repeated administration of 
choline, a somewhat different procedure was followed. On the 
prelimhiary days and on the day of the selenium injection, the 
rats received a small piece of bread which had been moistened 
with the desired amount of choline chloride solution. This was 
readily consumed and the animals were then fed the standard 
laboratory stock diet of whole "wheat bread, milk, and lettuce. 
Control animals received the bread without the addition of the 
choline salt. In each case in which a supplement was admin- 
istered with the selenite, a control animal which received no 
supplement was injected wdth the selenite. The pairs of animals 
thus studied are designated in Table II by the same letters. 1 u o 
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animals (designated in Table II by the same letter and injec- 
tion number) were always studied in parallel experiments on the 
same day. 

The choice of an absorbent for any volatile selenium compounds 
presented some difficulty. A number of absorbents for dimethyl 
selenide have been described and used in the study of the bac- 
terial metabolism of selenium compounds (4). Nitric acid was 
foimd to remove the volatile selenium compounds from the expired 
air of our experimental animals effectively. Its use in the quanti- 
tative studies was, however, not entirely satisfactor 3 \ Since it 
has been generally accepted that the volatile selenium compound 
is dimethyl selenide and since alkyl selenides like ethers or thio 
ethers (7) should be soluble in concentrated sulfuric acid, e.xperi- 
ments were carried out to see whether this absorbent would remove 
volatile selenium compounds from the respiratory gases. Since 
it was proposed to determine the selenium colorimetrically bj' 
the use of the reaction of selenium salts with codeine (8, 9) and 
since this reaction takes place in concentrated sulfuric acid, the 
desirability of the use of this absorbent was obmous. 

After the injections the animals were placed in the usual type 
of round wire cage inside a respiration chamber (large carboy 
from which the bottom had been removed) which permitted collec- 
tion of the respired gases and through which a current of air was 
slowly dravTi. The gases were passed successively through two 
tubes containing hydrochloric acid (1:1), a tube containing 20 
per cent sodium hydroxide solution, and a large absorption tube 
containing glass wool and solid granulated calcium chloride. The 
dry gases then entered a specially designed all-glass absorption 
tube, constructed according to the principle suggested by Nichols 
(10) but of smaller size, which insured intimate contact of the 
gases with the absorbent. In this tube approximately 45 cc. of 
concentrated sulfuric acid were placed. The gases then passed 
through a second tube containing sulfuric acid which was con- 
nected with a vacuum water pump. 

The two absorption tubes containing sulfuric acid are shown in 
Fig. 1. The efficiency of this type of absorption chamber is dis- 
cussed by Nichols (10). The tubes shown were filled with acid 
by closing the stop-cock at the inlet, opening the stop-cock at the 
bottom of the tube, and attaching a vacuum water pump to the 
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point of exit of the system. We have also used an apparatus in 
which Tubes A and B were connected by a ground joint and the 
absorption apparatus was connected with the chamber containing 
the acid by ground joints. 

When the current of air was properly regulated, all the selenium 
was found in the first absorption tube containing sulfuric acid 
and no selenium was present in the second sulfuric acid tube. 
Accordingly, our analyses were confined to the contents of the 



Fig. 1. Tubes A and B which served as containers for the sulfuric acid 
in the absorption of volatile selenium compounds. 

first of the two tubes containing sulfuric acid. The acid was trans- 
ferred from the absorption tube to a Kjeldahl flask, 1 cc. of 30 
per cent hydrogen peroxide was added, and the mixture was gently 
heated for from 20 to 30 minutes on a Kjeldahl digestion rack. 
After cooling, the volume of the digest was measured and 10 cc. 
portions were transferred to test-tubes. 2 drops of an aqueous 
4 per cent solution of codeine phosphate were added, the solution 
being cooled under the tap. The tubes were stoppered and placed 
in the dark for 20 to 30 minutes.^ The colors were compared in a 

1 Gortner and Lewis (9) observed that with digests of tissues and feces 
which contained selenium, 5 to 6 hours were necessary for the maxima 
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colorimeter with that developed by 10 cc. of a standard solution of 
sodium selenite in concentrated sulfuric acid. To this standard, 
codeine phosphate was added and 20 to 30 minutes were allowed 
for the development of the color, as with the unknown. In early 
experiments, a series of standards containing from 0.03 to 0.1 mg. 


Table I 

Determination of Selenium in Solutions of Known Concentrations of Sodium 
Selenite and in Digests from Absorbed Products of Respiratory Gases 
Unless otheiwise indicated, the standard solution used contained 0.1 mg. 
of selenium. The standards were all set at 20 mm. 



Selemum 

present 

Colorimetric 

reading 

Selenium 

found 


mg. 

mm. 

mg. 

Series I 

0.1 

20.4 

0.098 


■Sh 

26.0 

0.077 



33.0 

0.061 


0.06 

30.0 

0.067 

“ II 

0.1 

17.3 

0.115 


0.08 

23.7 

0.084 


0.06 

29.5 

0.068 

“ III 

0.05 

20.0* 

0.05 


0.08 

11.9* 

0.084 

Unknown Solution 411 


19.lt 

0.084 



24.0 

0.083 

*' ” 4212 


26.8 

0.0745 



13.5* 

0.074 

" “ 4213 


31.7 

0.063 



17.5* 

0.0575 


* Read against a standard containing 0.05 mg. of selenium, 
t Read against a standard containing 0.08 mg. of selenium. 


of selenium per 10 cc. was prepared and the standard whose reac- 
tion color most nearly resembled that of the unknown was used 
for the more exact comparison in the colorimeter. It was found, 
however, that the accuracy obtained with standards of 0.05 and 
0.1 mg. was sufficient to permit determination of the individual 

development of color in the codeine-selenium reaction. The presence of 
inorganic salts in the digest may have influenced the rate of color develop- 
ment. The digests of the present series contained relatively little material 
other than the selenium derivatives under discussion. 
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variations of the excretion of volatile selenium compounds. This 
is shown in Table I, in which are presented typical recoveries of 
varying amounts of selenium within our experimental range when 


Table II 

Excretion of Volatile Selenium Compounds after Subcutaneous Injection of 

Sodium Selenite 

The letters following the rat numbers refer to the pairs of rats. In encli 
ease, the pair received the selenium injection on the same day and, wlien 
choline or methionine was fed to one animal, its control received no supple- 
ment. Kxcept B'here indicated, the experimental period extended over 
8 hours. 


Rat No. 

Injection 

No. 

Weight 

Selenium 

Injected 

.Excreted in gases 


Per kilo 
body 
weight 


Per cent 
of amount 
injected 

Per kilo 
body 
woignt 



mo. 

mg. 

mg. 

mg. 


mg. 

41G1-A 

1 

372 

1.30 

3.5 





2 

350 

1.05 

3.0 

0.298 

28 

0.9 


3* 

320 

1.00 

3.0 

0.459 

46 

1.4 


4t 

310 

0.90 

2.9 

0.264 

28 

0.8 

4181-A 

1 

397 

1.40 

3.5 

0.687t 

49 

1.7 


2 

335 

1.00 

3.0 

0.303 

30 

0.9 


3 

328 

1.00 

3.0 

0.340 

34 

1.1 


4 

314 

0.90 

2.9 

0.164 

18 

0.4 

4201-13 

1 

350 

1.20 

3.4 

0.625 

52 

1.8 


2§ 

316 

0.95 

3.0 

0.153 

16 

0.5 


3* 

307 

0.90 

2.9 

0.303 

34 

1.0 


4t 

277 

0.83 

3.0 

0.230 

28 

0.8 

4202-B 

1§ 

340 

1.20 

3.5 

0.650 

54 

1.9 


2 

286 

0.85 

3.0 

0.145 

17 

0.5 


3 

272 

0.71 

2.6 

0.242 

34 

0.9 


4 

256 

0.77 

3.0 

0.222 

29 

0.9 

421 2-C 

1 

253 

0.75 

3.0 

0.335 

45 

1.3 


2§ 

247 

0.67 

2.7 

0.152t 

23 

0.6 


3 

200 

0.60 

3.0 

0.178 

30 

0.9 


4* 

232 

0.70 

3.0 

0.228 

33 

1.0 


5t 

213 

0.65 

3.0 

0.470 

72 

2.1 

421.3-C 

1§ 

238 

0.70 

3.1 

0.295 

42 

1.2 


2 

212 

0.65 

3.1 

0.195J 

30 

0.9 


3 

200 

0.60 

3.0 

0.169 

28 

0.8 


4 

217 

0.70 

3.2 

0.198 

28 

0.9 


5 

211 

0.65 

3.1 

0.162 

25 

0.8 
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Table II — Concluded 





j Selenium 

Rat No. 

1 Injection 

1 No. 

j Weight 

1 

1 

j Injected | 

Excreted in gases 

1 

Per kilo 
body 
weight 

i 1 

1 

1 Percent 
of amount 
injected 

Per kilo 
bodv 
weight 



j 

mg. 

mg. 

i 


trt^. 

4221-D 

I 


0.60 i 

2.9 


34 


1 

2 

I 206 

0.60 1 

2,9 

0.248 

41 

i ^-2 


3* 


0.60 

3.0 

0.210 

35 

1.0 


•it 

196 

0.60 

3.1 

0.210 

35 

1 1.1 

42.31 -D 

1§ 


0.65 j 

2.9 

0.20711 

32 

BnH 


2 


0.69 

3.0 

j 0.328 

i 

mSM 


3 

227 ! 

0.70 i 

3.1 

1 0.250 

35 

In 



j 221 

0.65 

2.9 

1 0.228 

1 35 

HI 


* Injection of 50 mg. of choline chloride at the same time as the selenium 
injection. Rat 4221-D received only 30 mg. 

t The animals received 100 mg. of choline chloride daily in the diet for 
3 to 5 days previous to the selenium injection, 
t Experimental period 24 hours, 

§ Received 0.454 gm. of methionine 3 to 4 hours before the injection of 
selenium. 

(! Experimental period 9 hours. 


read against 0.05 or 0.1 mg. standards. The results presented for 
three typical unknowns show essentially the same values with 
standards of 0.05 to 0.1 mg. We were convinced from this and 
similar control experiments that the method was sufficiently 
accurate for our purposes. 

The results of our experiments are presented in Table II, Rats 
which received 2.5 to 3.5 mg. per kilo of selenium as sodium sele- 
nite without either choline or methionine excreted vdthin 8 hours 
from 17 to 52 per cent of the selenium injected as a volatile 
selenium compound which could be absorbed by concentrated 
sulfuric acid. This corresponded to an excretion of 0.5 to 1.8 mg. 
of selenium per kilo. The administration of either methionine or 
choline chloride failed to influence the excretion of the volatile 
selenium compounds with two possible exceptions. Rat 4202-B 
excreted 54 per cent of the selenium injected in volatile form after 
the first injection when methionine was fed. The amount ex- 
creted after the subsequent injections was significantly less, bvit 
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it should also be noted that the paired mate of the animal, Eat 
4201-B, excreted 52 per cent even though no methionine were fed. 
Eat 4212-C which received daily feedings of 100 mg. of choline 
chloride for several days previous to the fifth injection of sodium 
selenite excreted 72 per cent, or 2.1 mg, of selenium per kilo. 
This is the highest value observed in thirty-three determinations. 

In twenty experiments in which selenite Avas injected, the aver- 
age excretion of selenium as volatile selenium compounds absorbed 
by concentrated sulfuric acid was 1.0 mg, per kilo of body weight. 
When choline chloride or methionine was administered also, the 
average excretions per kilo of body w^eight were 1,0 mg. of selenium 
in seven experiments -with choline and 0.8 mg. in four experiments 
with metliionine. The tv^o extraordinarily high values discussed 
have been omitted in the calculation of these average values. It 
is evident that the excretion of volatile selenium compounds does 
not vary significantly and under our experimental conditions is 
not materially influenced by the ingestion of choline or methionine. 
This is of intei'est in view of the recent studies of methionine and 
choline in relation to fatty livers (11) and methjdation of homo- 
cystine (12), 

The values represent, so far as Ave have been able to discover, 
the first quantitative study of this kind. The excretion of sele- 
nium in the urine, feces, and bile has been determined. Gortner 
and Lewis (6) found that 18 to 70 per cent of orally ingested 
selenium in experiments extending over considerable periods of 
time was excreted in the feces, although over 50 per cent of the 
rats used excreted from 21 to 39 per cent of the ingested selenium 
in the feces. Smith and coworkers (5) found that the cat excreted 
from SO to 80 per cent of injected selenium in the urine. 

The rat, in contrast to the cat, is not readily susceptible to 
intoxication wdth sodium selenite. This lower toxicity in the rat 
may be related to the rapid formation and excretion of volatile 
selenium products through the lungs, Avhile in the more susceptible 
cat, the selenium may combine Avith the tissues and be excreted 
more slowly. In the rat, 30 to 40 per cent of the injected sele- 
nium was found to be excreted in volatile form in 8 hours, Avhile 
in the cat, 24 to 50 hours A\^ere required to excrete the same per- 
centage of the ingested selenium in the urine. 

In conclusion, it may be pointed out that the present study does 
not afford eAudence of the nature of the volatile selenium com- 
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pound, other than its property of being absorbed by concentrated 
sulfuric acid. Further studies designed to demonstrate whether 
this substance is actually dimethyl selenide, as postulated by Hof- 
meister (2), are in progress. The possibility that other volatile 
selenium compounds, not absorbed by concentrated sulfuric acid, 
are also present has not, of course, been excluded. 

strxmARY 

When sodium selenite (2.5 to 3.5 mg. of .selenium per kilo) 
was injected subcutaneously into adult white rats, from 17 to 52 
per cent of the injected selenium was excreted within 8 hours 
as a volatile compound which was absorbed by concentrated sul- 
furic acid. 

Under the conditions of these experiments, the excretion of this 
type of volatile selenium compoimd was not increased by the 
administration of either methionine or choline chloride. Since 
Hofmeister had postulated that the volatile selenium compound 
excreted was dimethyl selenide, these compounds were admin- 
istered as potential sources of methyl groups which might assure 
more ready methylation. It is pointed out, however, that Hof- 
meister’s hypothesis of the nature of the selenium compound lacks 
adequate experimental proof. 
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THE DISTRIBUTION OF KETONE BODIES IN TISSUES* 

By HELEN C. HARRISON and C. N. H. LONG 
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(Received for publication, January 11, 1940) 

Evidence has been accumulating that the liver is the chief site 
of ketogenesis and that destruction of ketone bodies occurs mainlj^ 
in the extrahepatic tissues. Embden and Kalberlah (1) and sub- 
sequently Snapper, Griinbaum, and Neuberg (2), using the per- 
fusion technique of Embden, offered experimental evidence that 
the liver is the site of ketone body formation. The results of in 
tniro studies of Quastel and "S^Tieatley (3), Jowett and Quastel 
(4), and Edson (5) have all supported this hypothesis. Mirsky 
(6) showed that completely eviscerated rabbits fail to develop a 
ketosis in response to injection of anterior pituitary extract, while 
rabbits in which only the liver remains intact do respond to the 
ketogenic action of these extracts. Evidence that destruction of 
ketone bodies is mainly the function of the extrahepatic tissues has 
been furnished by the same authors (2, 7-11). 

The present experiments were undertaken in an attempt to 
study simultaneously in the intact animal the production and the 
utilization of ketone bodies, by determination of the concentra- 
tions of these substances in liver and muscle cells at various stages 
during the ketosis produced by several methods. 

Ch^ical Methods 

Total ketone bodies (acetone, acetoacetic, and j3-hydroxybutyric 
acids) of blood and tissues were determined by a slight modifica- 
tion of the Van Slyke and Fitz method (12), the difference being 
in the method of precipitation of proteins and other interfering 
substances. 

* The data in this paper are taken in part from a dissertation presented 
by Helen C. Harrison in partial fulfilment of the requirements for the 
degree of Doctor of Philosophy, Yale University, 1939. 

209 



210 


Ketone Bodies in Tissues 


Samples of liver or muscle are frozen immediately upon removal 
from the animal and kept in a frozen state until analysis is possible. 
The tissue is weighed in the frozen state. A sample of liver or 
muscle weighing approximately 4 gm. is cut into small pieces, 
ground thoroughly in a mortar with clean sand and a small 
amount of water, and the macerated tissue transferred quantita- 
tively to a 250 cc. volumetric flask, about 50 cc. of distilled water 
being used for this operation. The protein and other interfering 
substances are precipitated with 50 cc. of a 20 per cent copper 
sulfate solution and an equal volume of 10 per cent calcium 


Table I 

Recovery of Added ^-Hydroxybulyric Acid from Muscle and Liver 


Musclo 


Liver 


(J-Hydrojcybutyrio 
acid added 


mg, 

1.11 

1.11 

1.20 

1.20 

1.20 

2.22 

2.22 

2.22 

5.66 

5.56 

11.12 


Acid recovered 


mg. 

0.96 

1.23 
1.21 
1.21 
2.27 
2.15 
2.29 
6.08 

6.24 
13.1 


iPer cent recovered] 


86.0 

102.5 

100.7 

100.7 

102.0 

97.0 

103.0 

109.0 

112.0 
118.0 


Acid recovered 


mg. 

1.08 

1.21 


2.16 

2.26 

2.29 

5.78 

5.81 

11.85 


Per cent recovered 


97.5 

109.0 


97.0 

102.0 

103.0 

104.0 

104.5 

106.5 


hydroxide suspension. A similar technique of protein precipita- 
tion has been used by Edson (5). The determination of total 
acetone bodies in the filtrate is carried out by the gravimetric 
method of Van Slyke and Fitz (12), with small sintered glass 
filters, No. 10G4. 

The reliability of the method was checked by recovery experi- 
ments. Weighed amounts of dZ-;S-hydroxybutyric acid were 
added to samples of liver and muscle of approximately 4 gm. 
in weight and determinations of /3-hydroxybutyric acid made. 
The results are given in Table I. In the analyses of tissues 
reported in the present investigation, the concentrations of 
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/3-hydroxybutyric acid detennined were in the range in which the 
recoveries were equal .0 the theoretical amounts present. In the 
interpretation of results, the accuracy of the method is taken to 
be ±10 per cent. 

The copper sulfate-calcium hydroxide method of protein pre- 
cipitation was used in preparing blood filtrates and total ketones 
were determined in the same manner as described for tissues. 

Tissue Analysis 

From the detennination of the concentration of ketone bodies 
in plasma, liver, and muscle, estimations of the concentrations of 
these substances within the liver and muscle cells were made 
according to the method of Harrison, Harrow, and Yannet (13). 
The proportions of extracellular and intracellular water of rat 
liver and muscle have been determined by Harrison and Harrow 
(14), and their results have been used. The concentration of 
ketones in the extracellular water is assumed to be the same as in 
plasma water. The actual method of calculation may best be 
demonstrated by an example. 

If Ket. is used to represent the concentration of total ketones, 
the concentration in muscle cell water may be calculated as shown 
in the following specific example. 

Ket • plUQU 76.7 mg. per 100 cc. (by analysis) 

Ket.piunu w.ter IS then 76.7/0.93 = 82.5 mg. per 100 cc. 

Ket -ratisdc — 11.3 mg. per 100 gm. (.by analysis) 

Since 12 per cent of muscle weight is extracellular water, in 
which the concentration of ketones is the same as in plasma water, 
the amount of ketones present in the extracellular fluids of muscle 
is calculated to be Ket. pu^ma water X 0.12 = 9.9 mg. 

If this amount be subtracted from the total ketone body content 
of muscle, the amount of ketones present in the muscle cells is 
obtained. The intracellular water of muscle is taken to be 63 
per cent of the fresh muscle weight. Therefore, the concentra- 
tion of ketones in muscle cell water is 1.4/0.63 = 2.2 mg. per 
100 cc. of cell water. 

Similar calculations can be made for fiver, in which the extra- 
cellular water is taken to be 20 per cent and the intracellular 
water 50 per cent of the weight of the fiver tissue. 
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Procedure 

Male rats from a single colony, weighing between 150 and 200 
gm., were used. Five groups of experiments were performed. 
In Group I rats were fasted after receiving the stock diet of 
Purina Fox Chow and the animals sacrificed after 24 to 72 hours 
of fasting. Group II was fasted for 48 hours and then injected 
subcutaneously with from 0.8 to 1.0 cc. of an alkaline extract of 
beef anterior pituitary, prepared according to the method of 
Burn and Ling (15). The animals were sacrificed 2 hours after 
the injection. Ketosis was induced in Group III by fasting rats 
for 72 hours after a high fat diet (40 per cent fat) was fed. Group 
IV was fasted and 50 mg. of plilorhizin in 1 cc. of olive oil were 
injected subcutaneously. Of this group, some rats were fasted 
24 hours, injected with phloiliizin, and sacrificed 6 hours after the 
injection. Others were fasted 48 hours and injected once daily 
with phlorhizin during this time. The ketosis studied in these 
four groups may be considered to be of endogenous origin. 

In Group V ketosis was induced by the administration of /3- 
hydroxybutyric acid. The df-^-hydroxybutyric acid, neutralized 
to pH 7.4 with N sodium hydroxide, was administered either by 
intraperitoneal injection or by gavage to rats fasted 24 hours. 
Varying amounts of the salt were given and the animals sacrificed 
after 4 hours. 

At the end of the experimental period all animals were anesthe- 
tized with nembutal. Blood was taken from the abdominal 
aorta, the entire liver removed, and a sample of muscle taken from 
(he hind extremities for analysis. The liver and muscle were 
frozen immediately upon removal. Total ketone bodies were 
determined by the method described and calculation of the con- 
centration within the liver and muscle cells made. The results 
are given in Tables II and III. 

Results 

In Table II the results obtained in the expeiiments when the 
ketosis was of endogenous origin are given. The ratio of the 
concentrations of ketone bodies in liver cell water to plasma 
water, Ket.j/Ket.p, and in muscle cell water to plasma water, 
Ket.„,/Ket.p, are shown in the last t^vo columns of Table II. 
The data are arranged according to increasing concentrations of 




* Expressed as /S-hydroxj-butjTic acid, 
t Female rats, fasted 72 hours. 
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ketone bodies in plasma within each of the four groups. It is 
apparent from Table II that the findings in liver and muscle are 
markedly different. 


Table III 

Disiribution in Liver and Muscle of P-Hydroxj/bulyric Acid 4 Hours 

after Injection 

Rats fasted 24 hours; )3-hydroxybutyric acid injected intraperitoneally 
or by stomach tube in varying amounts; rats sacrificed 4 hours after ad- 
ministration of acid. 


Wholo 

blood 

Livor 

Muaclo 

Plasma 

HjO 

Livor cell 
HjO 

Muscle 
cell H:0 

Ket.j 

ICet.p 

Ket.n 

Kfit.p 

mg* per 
100 cc. 

8.4 

mg. per 
100 gm, 

5.2 

mg, per 
100 gm, 

0 

mg, per 
100 cc, 

11.8 

mg, per 
100 cc, 

5.6 

mj. per 
loo cc. 

0 

0.47 

0 

12.5 

12.7 

1.2 

17.5 

18.4 

0 

1.05 

0 

18.7 

8.7 

0 

26.5 

6.8 

0 

0.26 

0 

22.0 

22.7 

7.2 

30.4 

33.2 

5.6 


0.18 

23.1 

10.5 

2.7 

32.3 

8.0 

0 

0.25 

0 

36.8 

14.1 

3.0 

39.6 

12.4 

0 

0.31 

0 

27.3 

13.3 

0 

38.1 

11.4 

0 

0.30 

0 

27 A 

20.6 

2.6 

35.6 

27.0 

0 

0.76 

0 

27.9 


5.8 

39.0 

46.4 

0 

1.18 

0 

32.5 


1.5 

34.9 

25.4 

0 

0.73 

0 

34.8 


3.7 

48.8 

19.4 

0 

0.40 

0 

36.8 

20.1 

2.5 

39.6 

24.4 

0 

0.62 

0 

38.0 

19.3 

5.5 

53.3 

17.2 

0 

0.32 

0 

41.8 

37.6 

0 

58.5 

51.8 

0 

0.89 

0 

48.5 

29.0 

14.0 

68.0 

30.8 

6.7 

0.45 

0.10 

54.2 

45.3 

13.0 

75.8 

60.4 

3.9 

0.80 

0.06 

58.4 

44.9 

13.8 

81.8 

57.0 

6.3 

■wn 

0.08 

61.7 

37.5 

15.0 

86.5 

40.4 

7.3 


0.08 

69.0 

42.3 

14.7 

96.5 

46.0 

4.9 


0.06 

86.8 

61.8 

21.4 

121.5 

75.2 

7.6 


0.10 

121.8 

93.2 

52.7 

170.5 

118.4 

51.3 


0.30 

126.5 

83.0 

51.9 

177.0 

95.2 

48.8 


0.28 

135.2 

86.3 

45.7 

189.0 

96.8 

36.3 


0.19 

154.5 

121.0 

53.6 

216.0 

155.2 

44.0 

0.72 

0.20 

175.0 

97.6 

63.6 

245.0 

97.2 

54.2 

0.40 

0.22 

200.0 

147.2 

83.1 

280.0 

182.4 

78.6 

0.65 

0.28 


Average 


Ketone bodies are found within the liver cell whenever they 
are found in the plasma. The ratio Ket.z/Ket.p is relatively 
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constant at all levels of plasma concentration. No ratios vrere 
calculated for the first few animals in Group I in which the plasma 
concentration is very low, since at these low levels errors in 
analyses would invalidate such calculations. It may be seen 
that there is no systematic difference in the ratio Ket.j/Ket.p 
with increasing concentrations of ketones within a single group 
or among the different groups. 

In the muscle, however, the findings are radically different. 
At relatively low concentrations of ketones in the plasma no 
ketones are found in the muscle cell. The small amounts found 
on analysis of muscle tissue can be approximately accounted for 
by the estimated concentration in the extracellular water of the 
muscle. Thus, for example, at plasma concentrations of P- 
hydroxybutyric acid as high as 50 mg. per 100 cc., no acetone 
bodies are found in the muscle cell water. At concentrations in 
the plasma of 70 mg. per 100 cc. and higher, ketones appear in the 
muscle cell water and the amount increases with increasing con- 
centrations. 

The results of the experiments in which dl-jS-hydroxybutyric 
acid was administered are given in Table III. Here, as in the 
preceding experiments, the marked difference between liver and 
muscle is also apparent in the relative constancy of the ratio 
Ket.z/Ket.p and the increasing value of Ket.„/Ket.p with increas- 
ing plasma concentrations. 

DISCUSSION 

The presence of ketones in the liver cell at the early stages of 
ketosis is in agreement with the findings of previous investigators 
that these substances are the product of liver metabolism. The 
rapidity of response of liver metabolism to treatment with keto- 
genic substances is shovm by the experiments in which phlorhizin 
was injected as well as by the experiments in which anterior 
pituitary extract was given. Within 6 hours after the injection 
of phlorhizin to a rat, previously fasted 24 hours, high levels of 
ketones are found in the liver and in the plasma. In experiments 
in which anterior pituitary extract was injected, the nnimnlg -w-ere 
sacrificed 2 hours after the injection and at this time there was an 
increase in concentration of ketones in the liver cell. 

The relative constancy of the ratio Ket.z/Ket.p at low and high 
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levels of ketones in the blood plasma indicates that these sub- 
stances readilj^ diffuse through the Ih^er cell membrane. Accumu- 
lation of acetone bodies in unusually high concentration within the 
liver cell, therefore, does not occur, despite active formation 
within the liver, but there is an apparent equilibrium between the 
liver cells and the extracellular fluids. This is, in reality, not a 
static equilibrium, but rather a "steady state,” inasmuch as con- 
tinued production of ketones within the liver cell is taking place. 
The apparent paradox of a lower concentration within the liver 
cell than in the extracellular fluids, despite the fact that the 
diffusion is from the liver cell to the extracellular fluids, is prob- 
ably to be explained by the high concentration of protein in the 
cellular fluid of the liver. Inasmuch as jS-hydroxybutyric acid 
at the pH of the body fluids must exist as an anion, the equilibrium 
between the cell and the extracellular fluids might be expected to 
show the relationships predicted by the Donnan theory of mem- 
brane equilibrium. Studies of the distribution of /3-hydroxy- 
butyric acid and total ketone bodies between red blood cells and 
plasma were made. The average ratio of the concentration in 
red blood cell water to that in plasma water was found to be 0.5. 
This is of the same order of magnitude as the distribution ratio 
for chlorides as determined by Van Slyke e( al. (16). 

Ketone bodies are not found within the muscle cell at times 
when they are present in the liver cell and in the extracellular 
fluids. It is unlikely that the absence of ketone bodies within the 
muscle cell at such times is due to a relative impermeability of the 
muscle cell membrane, since perfusion experiments have shown a 
rapid disappearance of both acetoacetic and /3-hydroxybutyric 
acids from the perfusion fluid upon circulation through muscle. 
Moreover, the cell membranes of other tissues such as liver and 
red blood cells are freely permeable to ketone bodies. 

If, therefore, the muscle cell membrane is permeable to ketone 
bodies, the absence of these substances within the muscle cell must 
be an indication of a rapid transformation of these substances to 
compounds which no longer react with Deniges’s reagent. The 
disappearance of ketones from the muscle cell must be sufficiently 
rapid so that at relatively low levels of ketones in the extracellulai 
i uids transformation or destruction of these substances occurs as 
-nidly as diffusion into the cell, thus permitting no accumulation. 
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As the concentration outside the cell rises, the rate of diffusion 
into the ceU presumably increases, so that a greater concentration 
of ketone bodies -within the muscle is found. It is not necessary 
to assume that the increase of ketones in the muscle is the result of 
impairment of utilization by the muscle cell. 

The effect of fasting, anterior pituitary extract, and phlorhizin 
in producing ketosis is e-^ddently on liver ketogenesis. The 
similarity in findings in the experiments in -which ketosis -was of 
endogenous origin and those in -which ^-hydroxybutyric acid was 
injected suggests that the utilization of ketone bodies by muscle 
tissue is not inhibited following fasting or the administration of 
anterior pituitary extract and phlorhizin. 


STJMMABY 

1. Determinations of the distribution of ketone bodies between 
extracellular water and the ceU water of rat liver and muscle 
have shown that these two tissues are entirely different -with 
respect to their metabolism of jS-hydroxybutyric and acetoacetic 
acids. 

2. When ketosis of endogenous origin is produced by fasting, 
treatment -with anterior pituitary extract, or injection of phlorhi- 
zin, there is found to be at all times an increased concentration of 
ketone bodies in the liver cell water. The ratio Ket.j/Ket.p re- 
mains constant, within the linuts of error of the techniques em- 
ployed, at all levels of plasma concentrations. 

3. In contrast to the findings in liver, appreciable amounts of 
ketones are not found in muscle cell water until the concentration 
in the plasma is elevated to about 70 to 80 mg. per 100 cc. (ex- 
pressed as ^-bydroxybutyric acid). Above this level, as the 
concentration in the plasma increases, the amount in the muscle 
cell also increases. The distribution ratio Ket.„/Ket.p increases 
with increasing concentrations of ketones in the plasma, but this 
value never reaches the value for Ket.i/Ket.p. 

4. The distribution of ketone bodies in the liver and muscle 
following administration of ^-hydroxybutyric acid is found to be 
similar to that observed when ketosis is of endogenous origin. 

5. The exddence indicates that the ketogenic effects of fasting, 
anterior pituitary extract, and phlorhizin are due to their action 
upon the metabolism of the liver cell, as a result of which there is 
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an increased ketone body production. The results further indi- 
cate that ketones are utilized by the muscle cell. 
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(Received for publication, December 13, 1939) 

The conversion of equilin into 7-hydroxyestrone, and of the 
latter into Ac-isoequilin has been described in Papers I and II 
of this series (1). An alternative route fox the synthesis of estro- 
gens possessing a double bond between* carbon atoms 6 and 7 
leads over derivatives substituted with oxygen in position 6. 
This pathway, however, was not explored beyond the stage of the 
last intermediate, the 6-hydroxy compoimd, because it is inferior 
to the synthesis already reported in regard to yields. The new 
estrogens obtained are nevertheless of interest, because they per- 
mit a comparison of the influence on physiological actmty of a 
functional group in position 6 with the effect of a similar group in 
position 7. In the present communication we describe the prepa- 
ration and properties of 6-keto-a-estradiol, and of an acidic by- 
product in which Ring B is partially degraded. 

The introduction of a keto group in position 6 of estrone^ or 
a-estradiol can be accomplished by treatment of their acetates 
with chromic acid at room temperature. In our own studies, we 
preferred a-estradiol diacetate as the starting compound, because 
both functional groups are protected and the points of attack thus 
limited. Furthermore, the material not attacked in the reaction 
can be readily separated from the ketonic reaction product by 
means of Girard’s reagent, while in the case of estrone acetate, 

* Commonwealth Fund Fellow, 1938-39. 

‘ The experiment with estrone acetate has been carried out by Dr. E. 
Schwenk of the Schering Corporation and will be reported in a separate 
communication. 


219 



220 Estrogens with Oxygen in Ring B. Ill 

which is itself ketonic, the separation has to be effected by frac- 
tional crystallization. About half of the weight of the starting 
compound is converted into acids by the treatment with chromic 
acid under the conditions employed; the neutral fraction was 
treated with Girard’s reagent and yielded 20 to 25 per cent of the 
original weight in the form of ketones. From the non-ketonic 



Fig. 1. Absorption spectra of G-kcto-a-estradiol (Curve 1) and of ils 
diacetate (Curve 2). 


portion some of the starting compound could be recovered. The 
ketonic fraction crystallized readily, but proved to be inhomo- 
geneous. By fractional crystallization a substance melting at 
173°- could be separated, which according to the analysis was 
the expected diacetate of 6-ketoestradiol. The less soluble 
fractions which melted, Avith decomposition, over a range from 

2 AH melting points reported in this paper .arc corrected. 
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250-265°, failed to yield a pure compound on repeated reciystal- 
lization. Since in contradistinction to the diacetate this fraction 
coupled with p-nitrodiazobenzene, some hydrolysis had obviously 
taken place, probably during the splitting of the betaine hydrazone 
vdth hydrochloric acid. The high melting material was therefore 
hydrolyzed with alkali, when it readily yielded the free ketodiol, 
which melts at 283° (I) . For later runs the whole ketonic fraction 
was hydrolyzed directly, or converted into the diacetate by re- 
acetylation. The ketonic function of the newly introduced oxj^gen 
atom was ascertained by the preparation of a semicarbazone. 
The characteristics of the ultra\dolet spectrum (Fig. 1, Curve 1) 
clearly indicate that the keto group is situated in a position to 
the phenohc ring. The extension of the conjugated system b 3 ’' 
the carbon-oxygen double linkage is evident in the emergence 
of a new band at 326 mii (e = 3000), while a more intense band 
at 256 mAJ (e = 8000) has appeared in place of the minimum 
occupying this region in the spectrum of estradiol. In the absorp- 
tion cui^'-e of the diacetate (Fig. 1, Curve 2) the two maxima arc 
shifted towards lower wave-lengths, an effect which generally 
attends the esterification of the phenolic hydroxyl groups in 
estrogens. 

The specific rotation of 6-keto-a-estradiol in alcohol is +-1°, 
that of a-estradiol in the same solvent -1-81°. The marked 
decrease of dextrorotation brought about by the introduction of 
the 6-keto group is in accordance with the analogous case of 
testosterone ([«]„ = -1-109°) (2) and 6-ketotestosterone ([a]n = 
-58°) (3). 

On treatment with acetic anhydride in the presence of anhj'- 
drous sodium acetate only the two preformed hydroxy groups in 

6- ketoestradiol are esterified, whereas under the same conditions 
the keto group in 7-ketoestrone reacts with the formation of a 

7- enol acetate. In the latter case the enolization is obviously 
called forth by the tendency to extend the conjugated system bj' 
the addition of a 6-7 double bond. For the 6-ketone, on the 
other hand, the absence of enolization is ascribable to the fact 
that the keto group is already a part of the conjugated system. 

The physiological potency of the 6-keto-a-estradiol was found 
to be 3 million rat units per gm. (estrone = 1 million rat units 
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per gm.).^ Since with the method employed a-estradiol con- 
sistently assayed 12 million rat units per gm., it follows that the 
introduction of the keto group has diminished the potency 4 
times. The unfavorable effect of a keto group in position 6 is 
much less pronounced than that of one at carbon atom 7, whereby 
the physiological potency is decreased -to about 1/300 of that of 
the parent estrogen. 



II 


0 

III 

The acidic fraction resulting from the treatment of a-estradiol 
diacetate with chromic acid is a syrup of bright yellow coloi'. 
In two instances material of this description when dissolved in a 
small volume of acetone deposited, on prolonged standing in the 
ice box, crystals which after purification melted sharply at 144- 
145°. The analytical composition C21H24O7 indicated that the 
two acetoxy groups wei'e still present, but that 1 carbon atom had 
been lost in the course of the oxidation. This was borne out by 

’ The assay was carried out by Dr. C. Mazer of Philadelphia, to whom c 
wish to express our sincere thanks. The details of the method have been 
given in a previous publication (4). 
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a combined titration and saponification experiment which revealed 
one free carboxyl group and two saponifiable ester groups. These 
findings suggest that the compound is a keto acid possessing the 
structure (II). We assume that the first intermediate in the 
further oxidation of 6-ketoestradiol diacetate is a 6,7-diketone. 
Such a compound would show a strong tendency to enolize with 
the formation between carbon atoms 7 and 8 of a double bond 
which would furnish the preferential point of attack for the 



Fig. 2. Absorption spectra of the keto acid, CsiHuO, (Curve 1), and 
of its enol lactone (Curve 2). 

following oxidative cleavage. The resulting diketo acid, in 
which the keto groups are derived from Ce and Cs, and the car- 
boxyl group from C?, would be decarboxylated immediatelj' 
to (II). As will be pointed out below, very little if any dicar- 
boxylic acids are present in the crude acidic fraction resulting 
from the oxidation with chromic acid. The above reaction 
mechanism, which postulates that the primary cleavage occurs 
between Cr and Cs, and not between Ce and C7, provides an 
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explanation for this finding. If a 6,7-dicarboxylic acid Avere the 
first product resulting from the cleavage of Ring B, it should 
certainly l^e demonstrable in considerable quantity among the 
oxidation products, since there is no reason why such a structure 
should readily undergo oxidative decarboxylation to (11). 

By treatment with hot acetic anhydride in the presence of an- 
hydrous sodium acetate the acid is converted into a non-acidic 
crystalline compound which melts at 153°. Since, as the analysis 
shows, 1 molecule of water has been lost in its formation, it must 
be an enol lactone (III). The extension of the conjugated system 
by the new cnolic double bond 8-9 should manifest itself in a shift 
of light absorption toward, s the red end of the spectrum. A 
comparison of the absorption curves of the keto acid and the 
lactone (Fig. 2) shows tliat this is indeed the case. The band 
at 254'm/i is displaced to 279 in/z and somewhat enhanced in height 
by the establishment of the enolic double bond. The spectro- 
graphic findings thus advance additional proof for the correctness 
of the structures assigned, 

Tlio yields of the keto acid which could be directly isolated 
from the acidic fraction varied a great deal in different runs. In 
one case this fraction refused altogether to crystallize. When 
non-crystalline material of this type was subjected to the reaction 
employed for the preparation of the lactone from the crystalline 
keto acid, by far the greater part of it was transformed into 
neutral products, from which the crystalline lactone could be 
isolated in excellent yield. This shows that the keto acid is the 
main acidic product formed when the oxidation progresses beyond 
the stage of the 6-kctone. 


EXPERIMENTAL 

O-Kcto-a-Eslradiol Diacetale—SlO mg. of a-estradiol diacetatc, 
m.p. 126-128°, Avere dissolved in 3 cc. of glacial acetic acid, and a 
.solution of 735 mg. of chromium trioxide (4.5 atoms of 0) in 0,6 cc. 
of water and 4.4 cc. of glacial acetic acid added. The mixture was 
allowed to stand for 24 hours at 23-24°. The excess of chromic 
acid was then reduced with 1 cc. of ethanol. After dilution with 
water the reaction products were transferred into ether, and most 
of the acetic acid removed from the ether phase by distribution 
with portions of saturated sodium bicarbonate solution. The 
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point when acidic reaction products begin to react wnth the bicar- 
bonate can be recognized by the pink color of the extract. The 
ether phase was then exhaustively extracted with a 3 : 1 mixture 
of 1 N sodium carbonate and saturated sodium bicarbonate solu- 
tions, washed with water, and brought to dryness with addition 
of absolute alcohol during the last stage of evaporation. The 
partly crystalline residue (436 mg.) was dissolved in 10 cc. of 
absolute alcohol and 1 cc. of glacial acetic acid ; 1 gm. of Girard’s 
Reagent T was added and the mixture boiled for 1 hour. 

The separation of non-ketonic and ketonic fractions was carried 
out in the usual way; the splitting of the intermediate betaine 
hydrazone was effected by making the solution about 1 x in 
hydrochloric acid and allowing it to stand 2 hours at room tem- 
perature. The crystalline ketonic fraction (190 mg.) was re- 
acetylated by boiling for 20 minutes in 5 cc. of acetic anhydride. 
On decomposition of the reagent with SO cc. of water a crystal- 
line precipitate was obtained which was filtered off and washed 
■with water (175 mg.). The rest of the material was recovered 
by extraction -ndth ether from the filtrate (25 mg.). The two 
fractions were combined and recrystallized from absolute, then 
from 90 per cent alcohol. 149 mg. of needles melting at 173-175° 
were obtained. Acetylation of the pure ketodiol yielded the 
same compound. 

AnaJysis— C:;H;tOs. Calculated. C 71.31, H 7.08 

Found. " 71.00, 71.27, “ 7.15, 7.03 

6-Keto-a-Eslradiol — As mentioned previously, the ketonic frac- 
tion resulting from the separation with Girard's reagent consists 
of a mixture of the diacetate and partially saponified products. 
On recrystallization from absolute alcohol 187 mg. of such a mix- 
ture yielded 126 mg. of material which melted with gradual decom- 
position over a range from 215-260°, after some sintering at 165°. 
From the mother liquors a small amount of the diacetate, melting 
at 173°, could be isolated by fractional crystallization. The higher 
melting material was dissolved in 3.5 cc. of 20 per cent methyl 
alcoholic potassium hydroxide. The yellow solution was allowed 
to stand 24 hours at room temperature in a nitrogen atmosphere. 
It was then diluted with water, acidified with hydrochloric acid, 
which caused the color to disappear, and extracted three times 
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with etlier. Tlie ether layer was washed with 5 per cent sodium 
carbonate solution saturated with sodium bicarbonate, and with 
water. (Sodium carbonate alone appeared to extract some keto- 
diol, since the solution became strongly yellow.) The almost 
colorless ciystalline residue of the ether solution (96 mg.) wn,s 
rcciystallized twice from absolute alcohol. The pure compound 
crystallizes in rather large hexagonal plates melting at 281-283° 
with slight decomposition. Saponification of the pure diacetate 
yielded a product with identical properties. 

yinoiT/s/s— CisHssOj. Calculated. C 75.48, H 7.75 
Found. " 75.33, " 7.67 

[«)b = +4.2° (0.7% in alcohol) 

The solution of 6-keto-a-estradiol in concentrated sulfuric 
acid is greenish yellow, but shows no fluorescence. On dilution 
with water the color changes to a deep purple with bluish fluo- 
rescence. On coupling with diazotized p-nitroaniline in alkaline 
solution the compound forms a dark red pigment, which become.s 
brick-red on acidification with acetic acid. Wlien the ketodiol 
or its diacetate is dissolved in aqueous or methyl alcoholic potas- 
sium hydroxide, the solution immediately assumes a yellow color, 
which disappears on acidification. In contradistinction to 
a-estradiol the ketone is not precipitated by digitonin in 80 per 
cent ethanol. 

The semicarbazone was prepared from 8.6 mg. of the ketodiol 
with an excess of semicarbazide acetate in 90 per cent methanol at 
I’oom temperature. After 40 hours the crude product was precipi- 
tated with water and after wmshing and drying weighed 11 mg. 
Two reciystallizations from a small volume of absolute alcohol 
yielded 6 mg. of needles which decomposed at 280-310° with ga,s 
evolution. 

+na?i/si;s— Cl 9 H 26 O 5 N 3 . Calculated, N 12.24; found, N 12.02 

Diacetoxy Keto Acid, CnH 2 i 07 —The alkaline extracts containing 
the acidic oxidation products were acidified with liydrochloric 
acid and extracted repeatedly with ether. The ether extracts 
were washed thoroughly uith -tvatei', and dried with sodium sulfate. 
The ether residue (480 mg.) was liquefied with about 1 cc. of 
acetone. After several days standing in the refrigerator a mass 
of crystals had formed. The remaining oil was washed away with 
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small volumes of cold acetone and tlie crystalline product (223 
mg.) recrystallized twice from 80 per cent alcohol. The acid 
ciystallizes in large beautiful rods with oblique ends. The crystals 
retained a slight amount of a yellow pigment which could not be 
removed by recr 3 ’’stalUzation from alcohol or benzene-petroleum 
ether. That this color is not a property of the substance itself is 
proved by its disappearance on conversion of the acid to the enol 
lactone. Since in the latter the conjugated system is extended by 
one more double bond, the color should become more intense if a 
chromophoric group absorbing in the \’isible range were already 
present in the acid. Actually, however, the intensification of light 
absorption consequent on the reaction mentioned is confined to 
the ultra^^olet region. 

Analysis — CjiH.,©?. Calculated. C 64.92, H 6.23 

Found. “ 65.24, 65.26, “ 6.31, 6.46 

97.8 mg. of the acid were dissolved in 5 cc. of absolute alcohol 
and titrated with standard alkali and phenolphthalein as indica- 
tor. 2.35 cc. of 0.1 N NaOH were neutralized (calculated 2.51 
cc.) . More alkali was added, and the excess titrated back after 20 
hours standing under nitrogen. 4.44 cc. of 0.1 N NaOH, calculated 
for two hydrolyzable groups, 5.02 cc. The end-points in both 
titrations were somewhat blurred, as a scarlet red pigment devel- 
oped in alkaline solution. This difficulty is probably responsible 
for the low titration values. The completely hj'drolyzed acid 
was recovered by acidification and ether extraction, but resisted 
all attempts at crystallization. Increasing pigmentation during 
manipulation in hot solvents indicates a marked instability of the 
hydrolyzed product, whereas the diacetoxy acid showed no such 
behavior. 

In an attempt to prepare the semicarbazone of the ci^’^stalline 
acid an amorphous substance soluble in alcohol and ether was 
obtained in unsatisfactory yield. Treatment of the acid uith 
diazomethane results in the formation of the methyl ester, which, 
however, failed to crystallize. 

Enol Lactone, CjiHsiOs — ^To 22.5 mg. of the keto acid 1 cc. of 
acetic anhydride and 150 mg. of anhydrous sodium acetate were 
added. The mixture was boiled for 1 hour. On decomposition of 
the reagent with ice-cold water a part of the reaction product 
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deposited in ciystalline form. Without being filtered from the 
latter, the supernatant was carefully neutralized to litmus rath 
sodium liydroxidc. An excess of alkali rapidly hydrolyzes the 
lactone. The aqueous phase was extracted several times wth 
ether. The combined ether solutions were washed once n'ith 
dilute sodium bicarbonate solution and with Avater. Recrystal- 
lization of the ether residue (18 mg.) from 80 per cent alcohol 
yielded colorless rhombohedral plates which melted at 152 - 153 °, 

Aaalj/sis— CiiHjjOs. Calculnlcd. C 68.09, H 5.99 

Found. “ 68.35, 68.33, “ 6.44, 6.09 

In the preparation of the lactone from uncrystallizable acidic 
fractions from the chromic acid oxidation the neutralization with 
sodium hydroxide was omitted, and the ether phase extracted 
instead three times with half saturated sodium bicarbonate solu- 
tion. About 700 mg. of the original acidic material yielded 139 
mg. of unciystallizablc, strongly pigmented acids and 525 mg. of 
neutral products. From the latter 294 mg. of crystals were iso- 
lated. An additional crop Avas obtained from the strongly pig- 
mented mother liquors Avhich AAmre brought to dryness, dissolved in 
absolute ether, and decolorized AV’ith charcoal. After tAvo crystal- 
lizations from absolute alcohol the crystals melted at 152-153°. 

Attempts to reconvert the enol lactone, Avhich thus can be 
obtained in large quantities, to the less easily accessible keto 
acid met Avith failure. Cautious titration AAutli alkali shoAved 
rapid liberation of an acidic group in the initial stage, but after 
addition of 1 mole of alkali less than half of the material had 
been converted into acidic products not extractable Avith ether 
from sodium carbonate solution. Both the acidic and neutral 
fraction from this distribution failed to crystallize. Apparently 
partial hydrolysis of the phenolic acetoxy group had occurred to 
about the same extent as opening of the lactone ring, so that mix- 
tures Avere obtained in both fractions. 

Hydrolysis of the lactone Avith boiling methyl alcoholic hydro- 
chloric acid yielded mainly acidic products Avhich failed to ciystal- 
lize and became pigmented on standing. 

SUMMARY 

The preparation of 6-keto-a-estradiol by treatment of a-estradiol 
diacetate AA'ith chromic acid is described. The introduction o 
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the keto group diminishes the estrogenic potency to one-fourth 
of that of a-estradiol. 
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THE LIPID CONTENT OF BLOOD, LIVER, AND YOLK SAC 
OF THE NEWLY HATCHED CHICK AND THE CHANGES 

THAT OCCUR IN THESE TISSUES DURING THE 
FIRST MONTH OF LIFE* 

Bx C. ENTEmLVJs, F. W. LORENZ, axd I. L. CHAIKOFF 

(From the Division of Physiology, University of California Medical School, 
Berkeley, and the Division of Poultry Husbandry, College of Agriculture, 
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(Received for publication, December 26, 1939) 

The features that distinguish the lipid metabolism of the bird 
from that of the mammal were pointed out in recent reports from 
these laboratories. In the bird, maturity brings ■nith it an in- 
creased content of lipids in both blood and liver (1, 2), and these 
changes vere shown to be the result of estrogenic activity (3, 4). 
In the course of these investigations, birds between the ages of 
59 and 299 days were studied. At the present time a survey of 
the entire life cycle is under investigation. The present report 
deals with the period between hatching and 36 days of age. It 
is shown that the bird enters the external world with a lipemia 
and a fatty liver. The liver of the newly hatched bird contains 
enormous amounts of cholesterol, the major part of which is in the 
esterified form. 

Although high lipid levels in the tissues of the chick embryo 
have been recognized for some time, the lipid metabolism of the 
bird during the period studied here has received very little atten- 
tion. A few obser\'ations dealing with the blood fat (5) and blood 
cholesterol (6) of 1 and 2 day-old chicks have appeared, but the 
values reported are not in accord with the findings obtained in the 
present investigation. 

* This investigation was supported in part bj- a grant from the Com- 
mittee on Research in Endocrinology of the National Research CouncU. 
Assistance was also furnished by the Works Progress Administration (Offi- 
cial Project No. 65-1-08-62, Unit A6). 
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Lipid Content of Chick Tissues 


EXPERIMENTAL 

Chicks were obtained from eggs produced by the single comb 
white Leghorn flock of the Poultry Division. They were hatched 
in incubators of the forced draft cabinet type with separate 
hatching compartments. On the 22nd day after the eggs were 
placed in the incubators, all healthy chicks were transferred to 
battery brooders kept at constant temperature, and thereafter 
the chicks had access to food and water. It has been noted that 
little or no food is eaten by chicks during the first 24 hours after 
hatching. 

The average weights of the chicks taken for analyses are re- 
corded in Fig. 1 . Liver, blood, and yolks were pooled for analyses. 
No attempt was made to separate the yolk sac from its contents. 
Lipids were determined on the entire structure. 

The data shown below were obtained from three separate 
experiments. In two of these blood, liver, and yolk sacs were 
obtained, in the third only' blood. 

The microoxidative procedures employed for lipid analyses of 
blood and liver have been recorded elsewhere (1, 2). The yolks 
■were treated like the liver. 


Liver Ldpids 

The data shown in Fig. 2 represent the mean values obtained 
from two separate experiments. 

Total Lipid4 — In Experiment 1, the liver of the newly hatched 
bird contained from 13 to 14.7 per cent of total lipid, whcrca.s in 
Experiment 2 values as high as 23 per cent were found immediately 
after hatching. This high lipid content did not remain for long, 
for in Experiment 1 a fall had already occurred by the 4th day 
and despite irregularities the loss of lipids from the liver became 
quite definite by the 6th day. Between 5.0 and 5.6 per cent of 
total lipids was found in the 8 day-old chick, and little change was 
observed during the remainder of the 16 days of Experiment I. 
In Experiment 2, several chicks were also e.xamined on the 22nd 
and 36th day after hatching. In these pools, values for total 
lipid betw'cen 1.6 and 3.2 per cent of the wet weight of the liver 
were noted. 

> Calculated as the sum of total fatty acids and total cholesterol. 
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Cholesterol — ^Enormous concentrations of cholesterol arc present 
in the liver of the newly hatched chick. During the first 3 da 3 ’s 
the chick livers in Experiment 1 contained from 5.9 to 8.5 per 
cent of total cholesterol. In Experiment 2, the values were 
even higher; the maximum obser\'ed was 9.7 per cent. Cholesterol 
at this time may account for as much as 48 per cent of the total 
lipids. From the 3rd daj' on, the decline in the cholesterol 



Fig. 1. The growth of the chicks used in this investigation, as shown by 
the average weights of the birds taken for analyses. Day H is the day of 
hatching. 

content is rapid. In the 9 daj'-old chick the total cholesterol 
content of the liver had fallen to appro.ximatelj' 1 per cent, while 
values close to 0.5 per cent were found in the 11 da 3 '-old chick. 
The 22 da 3 '- and 36 da 3 '-old chick livers contained between 0.3 
and 0.4 per cent of total cholesterol; these values approximate 
closely those found in the livers of adult birds. 

The major portion of the cholesterol was in the csterified form 
during the early da 3 ^s after hatching. Values as high as 1.2 per 
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cent were found for free cholesterol; high values were still present 
as late as 3 days after hatching in Experiment 1 and as late as 5 
days in Experiment 2. On the day of hatching esterified clio- 
lesterol was present to the extent of 5.4 to 5.9 per cent in the livere 
in Experiment 1, whereas in Experiment 2 values of 6.6 to 8,6 
Avere found. In the 7 day-old chick the content of esterified 
cholesterol in the liver was still above 1 per cent. Values as lov 



Fig. 2. Liver lipids of the chick from the day of hatching (Day H) to 
36 days of age. ■ total fatty acids, • esterihed cholesterol, O free cho- 
lesterol, A phospholipids. The values are expressed as the per cent of the 
wet weight of tissue. Each point represents the average values obtained 
from two to five pools, eacli of which contained from two to four livers, the 
number used depending upon the weight of tissue obtained. More pools 
were taken from younger than from older chicks. 

as those found in the mature bird do not appear until the chick 
attains an age of 14 days or more. 

Total Fatty Acids — The liver of the chick is particularly rich in 
fatty acids during the first 7 days after hatching. In Experiment 
1, the highest value, namely 10.4 per cent, was found in 4 day-old 
chicles, but in Experiment 2 values of 14.0 and 12.7 per cent ivere 
noted during the first 24 hours after hatching. High values may 
still be present as late as 7 days after hatching, although^ to 
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judge by the average values (Fig. 2) — the liver loses fatty acids 
rapidly during the first 7 days after hatching. Fatty acids con- 
tinue to be lost thereafter, but the rate at vhich this occurs is 
much slower and more irregular between the ages of 7 and 22 
days than between the time of hatching and the age of 7 days. 

Shift in Liver Fatty Acids from Cholesterol Esters to Triglycerides 
during Early Days after Hatching— The fatty acids combined as 
phosphohpid, triglycerides, and cholesterol esters have been 
calculated for the chick liver and shown in Fig. 3. Phosphohpid 
fatty acids remained essentially constant throughout. Between 



Fig. 3. Liver fatty acids present as triglycerides, cholesterol esters, and 
phospholipid. • cholesterol ester fatty acids (1), A. phospholipid fattj' 
acids (2), ■ neutral fat fatty acids (3). These were derived as follows: 
(1) 0.73 X esterified cholesterol; (2) 0.67 X phospholipid; (3) total fattj’ 
acids minus (cholesterol fatty acids + phospholipid fatty acids). Daj* H 
is the day of hatching. 

the 2nd and 7 th day after hatching, a rise in the triglyceride fatty 
acids was found in the fiver. This occurs simtiltaneously with a 
rapid loss of cholesterol fatty acids. Apparently, during the 
utilization of cholesterol esters in the fiver, the fatty acid portion 
is converted to triglycerides. It can be observed from Fig. 2 
that the various lipid constituents do not fall at the same rate; 
this shift in fatty acids from cholesterol esters to triglycerides is in 
keeping with the finding of a more precipitous fall in esterified 
cholesterol than in total fatty acids. 

Phospholipids — ^This lipid constituent showed no major change 
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throughout the period studied- Thus in Experiment 1 phos- 
pholipids were present to the extent of 1.6 to 2.5 per cent in the 

Table I 


Blood Lipids of Chick 


EKperi- 

niont 

No. 

Aro oI 

Blood snniplc 

Cholesterol 

Total 

fatty 

acids 

Phos- 

Total 

lipids 

Residusl 

chick 
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Total 
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pho- 
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acids' 


days 

ec. 


mg» per 
IDOce, 

mg, per 
mcc. 

mff. per 
JDOcc. 

mg» per 
mcc. 

mg. per 
mcc. 

mg. per 
tOOcc. 

mg. per 
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1 

Hf 

4 

12 

284 

152 

132 

666 

445 

950 

271 


1 

H 

12 

314 

147 

167 

866 

486 

1180 

418 


3 

N 

12 

289 

159 

130 

721 

337 

1010 

400 


4 

II 

12 

224 

137 

87 

485 

326 

709 

203 


5 

II 

12 

220 

121 

99 

450 

314 

670 

167 


G 

II 

12 

191 

119 

72 

461 

274 

652 

225 


7 

II 

12 

178 

108 

70 

302 

326 

480 

32 


8 

■ 1 

12 

154 

108 

46 

382 
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636 

103 

2 

Ht 

5 

8 

302 

172 

130 

560 

410 

862 

190 


1 

5 

8 

370 

338 

32 

768 

384 

1138 

487 


2 

5 

8 

422 

218 

204 

624 

450 

1046 

174 


2 

5 

8 

387 

197 

190 

619 

320 

1006 
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3 

5 

8 

446 

220 

226 

654 
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* Mainly neutral fat fatty acids (see the legend of Fig. 3). 
t Day of hatching. 


livers of the newly hatched chicks, whereas in the 16 day-old 
bird values of 2.2 to 2.4 per cent were found. The 36 day-old 
bird contained 2.7 to 2.8 per cent phospholipid. 
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Blood Lipids 

The lipid concentration of the blood is particularly high during 
the first 4 days after hatching (Table I). Values for total Hpid 
well over 1000 mg. per 100 cc. of whole blood were found during 
this interval. By the time the chicks reached an age of 15 days, 
the level of the total lipids in the blood fell to 452 mg. On the 
day the chicks were hatched, values of 284 to 326 mg. were ob- 
served for total cholesterol, while in the 8 day-old chick it had 
dropped to 143 to 154 mg. As much as 50 per cent of the cho- 
lesterol was in the esterified form during the early days but the 
ratio of ester to total cholesterol fell as the chick grew older. 
Phospholipids were also present in increased amounts during the 
early days after hatching. Values between 410 and 446 mg. were 
found on the day of hatching. 

Yolk Sac 

The yolk sac is a diverticulum of the small intestine and weighs 
approximately 5 gm. in the newly hatched chick. Yolk material 
is absorbed directly from the sac into the blood stream. Absorp- 
tion proceeds rapidly after the bird is hatched, and normally 
by the 3rd day the weight of the sac is reduced to about 1 gm. 
The absorption of this structure is practically complete 5 days 
after the chick has hatched, but small remnants of the sac often 
persist much longer. 

The content of cholesterol, phospholipid, and fatty acids, 
measured as percentage of the wet weight of this organ, is re- 
corded in Fig. 4. The yolk sac at the time of hatching contained 
11 per cent of fatty acids (Fig. 4) or a total of about 0.5 gm. 
(Figs. 4 and 5). The other lipid constituents were present in 
much smaller amounts. At the time of hatching, the entire yolk 
sac contained about 0.07 gm. of phospholipid and about 0.06 gm. of 
total cholesterol. So rapidly does the absorption of fatty acids 
proceed that, by the 5th day after the chick has hatched, less than 
0.03 gm. of this lipid constituent remains in the entire yolk sac. 
The loss in fatty acids occurs not only in absolute amounts con- 
tained in the entire sac but also in the amount present as per- 
centage of the wet weight of the organ. The loss in cholesterol 



H 

Z 

UJ 

o 

(X 

UJ 

a 


DAYS 

Fig. 4. The lipids of the yolk sac irom the day of hatching (Day H) to 
8 days of age. ■ total fatty acids, • esterified cholesterol, O free cho- 
lesterol, A phospholipid. The values are expressed as per cent of the wet 
weight of the yolk sacs. 
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CHICK A6E 

Fig. 5. The average weights of the yolk sacs and livers from the day o 
hatching (Day H) to 8 days of age. A yolk sac, O liver. 
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and phospholipid occurs in a less striking manner. Little or no 
change was observed in free cholesterol during the first few days 
after hatching when this lipid constituent was measured as per- 
centage of the wet weight of the yolk sac, but some loss in absolute 
amount did occur, since this organ was rapidly shrinking in size. 
Phospholipids decreased in both the total amount present and the 
amount measured as percentage of the wet weight of the yolk sac. 
The cholesterol esters of the yolk sac showed decreases in absolute 
amounts, but when the amounts of this lipid constituent were 
expressed as percentage of the organ, it was noted that a rise had 
occurred (Fig. 4). This suggests that the removal of cholesterol 
esters from the yolk sac is proceeding less rapidly than that of 
other constituents. 


DISCUSSION 

The chick emerges from the egg unth large deposits of lipids in 
three tissues, liver, yolk sac, and blood. The rapid loss of these 
lipid stores affords an opportunity for comparing the utilization 
of the various lipid constituents of these three tissues. Phos- 
pholipids, cholesterol, and triglycerides (neutral fat) do not leave 
the tissues at t^e same rate. Triglycerides are most rapidly 
removed from the yolk sac, and this results in a relative — though 
not absolute — increase in the percentage of ester cholesterol. The 
liver behaves differently. In this tissue, esterified cholesterol is 
most rapidly removed. The fatty acids combined ivith cho- 
lesterol are not as rapidly removed but reappear temporarily as 
triglycerides in the liver. Thus at a time when the chick’s liver 
is being rapidly depleted of its large store of cholesterol, an abso- 
lute increase in neutral fat is found in the liver, an obseri'ation 
that suggests that esterification serves merely for storage of 
cholesterol. 

The mechanism by which the fatty liver and Kpemia are pro- 
duced in the newly hatched chick remains to be considered. 
During its development the chick is nourished by the j'olk, which 
is unusually rich in both fat and cholesterol. A rough parallel 
may be obsen^ed between the time of disappearance of the yolk 
sac after hatching and the time of disappearance of excessive 
amounts of fat from both blood and liver (compare Figs. 2 and 5). 
This suggests that the high content of cholesterol in the yolk 
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contributes to the fatty liver and lipcmia found in the chick. 
Okey and Yokela (7) reported that rats fed egg yolk or purified 
cholesterol for as long as 60 days had fatty livers containing as 
much as 26 per cent fatty acids and 8 per cent cholesterol, over 90 
per cent of wliich was estei’ified. The striking similarity between 
tins type of fatty liver and that observed in newly hatched chicks 
lends support to the view that cholesterol is responsible for the 
fatty liver of the chick. Still another factor may play a part in 
the production of the high lipid content of the chick tissues. It 
has been reported by several investigators (8-10) that appreciable 
quantities of estrogens are pi-esent in the yolk. It was previously 
observed in these laboratories that the injection of estrogens in 
immature birds results in a lipemia similar to that found normally 
in laydng birds (4); the estrogens present in the egg yolk may thus 
be responsible for the lipemia of the baby chick. A fatty liver 
is also observed in the laying bird (2). But, judging from the 
distribution of the various lipid constituents in the liver, the fatty 
liver of the baby chick resembles more closely the fatty liver of 
the cholesterol-fed rat. 


SUMMAEY 

The lipid content of the blood and liver of the chick was in- 
vestigated during the first 36 days after hatching. 

1. The liver of the newly hatched chick contained an average 
of 7.3 per cent cholesterol (90 per cent of which is esterified) and 
9.0 per cent total fatty acids. 

2. The blood of the newly hatched chick contained as much as 
1000 mg. of total lipid per 100 cc. of whole blood. AH lipid con- 
stituents, namely cholesterol, total fatty acids, and phospholipids, 
were present in amounts greater than in the blood of the mature 
male and mature non-laying female bird. 

3. A rapid decline in the lipid content of blood and liver set in 
on the 3rd day after hatching. The rapid fall in esterified cho- 
lesterol in the liver was associated with a temporary rise in 
triglycerides. 

4. When the chicks wei’e hatched, the yolk sacs contained about 
12 per cent fatty acids, 1.6 per cent phospholipid, and 1.3 per cent 
total cholesterol. Their absorption proceeded rapidly and was 
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nearly complete by the time the chicks were 5 days old. Neutral 
fat was absorbed more rapidly than the other lipid constituents. 
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A number of metabolic effects have been attributed to anterior 
pituitary extracts and various criteria have been proposed for the 
determination of the relative potency of different preparations. 
Extracts have been tested for their effects on (a) ketonuria in the 
fasted and fed animal on various diets (1-6), (&) ketonemia (1, 2, 
7-10), (c) antagonism to the hypoglycemic action of insulin (11), 
(d) hyperglycemic action (12), (e) diabetogenic action (13), (/) 
glycostatic effects (14), (jg) ability to increase liver fat in various 
species (3, 6, 15), (h) increase oxygen consumption (16-19), (z) 
alter nitrogen metabolism (20), (j) depress the level of blood fat 
(21), and (fc) depress the respiratory quotient (22). In %dew of 
the apparent interdependence of fat, carbohydrate, and protein 
metabolism, and of the numerous physiological effects obser\'ed 
with pituitary extracts, it would seem probable that some of 
these effects are only different manifestations of the metabolic 
influences of the same factor. With this \dew as a working 
hypothesis, we have been attempting for several years to frac- 
tionate anterior lobe extracts with the object of separating in a 
single fraction the factor or factors which cause these metabolic 
effects. Progress has been slow, first because of the apparent 

* This work has been supported by a grant from the Committee on 
Research in Endocrinologj' of the National Research Council to Professors 
P. A. Shaffer and C. F. Cori, and has been carried out under their joint 
supervision. The authors acknowledge with appreciation much helpful 
direction and advice. Some of the earlier work was conducted by Dr. Leo 
Wade, from whose experienee the present work has derived benefit. 
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lability of the active substance, and second because of the lack of 
dependable criteria for quantitative measurement of activities. 

Believing it essential to have methods for quantitative assay of 
activity, we decided to concentrate efforts on the attempt to 
standardize conditions and technique for measuring at least one 
effect. The influence of the extracts upon the respiratory quo- 
tient of glucose-fed rats was chosen as the basis for study. Si- 
multaneously another study was made by one of us (I. K. F.) 
of the measurement of the ketonuric and ketonemic effects in rats, 
With these criteria for semiquantitative assay of two metabolic 
effects, fractionation of the extracts has led to a concentration 
in the same fraction of the active principle responsible for bott 
these effects. These fractions are relatively free from othei 
known hormones (except the growth substance). 

Method of Assay for the Respiratory Quotient Factor — Youuf 
male rats' of body w'eights of 150 to 250 gm. were maintained on n 
Purina Dog Chow diet^ supplemented with cod liver oil anc 
lettuce twice weekly. After being fasted 20 hours the animals 
were injected intraperitoneally with either saline or anterioi 
pituitary preparations. The volume of injected material in tlu 
earlier experiments varied from 0.1 to 4.0 cc. In later series £ 


constant volume of 2.0 cc. (of the desired dilution) has been usee 
in all cases. 2 hours after the injection the rats were given 70( 
mg. of glucose per 100 gm. of body weight by stomach tube anc 
were immediately placed in the animal chamber of the respirom- 
cter which was then ventilated for 5 minutes with dry, COrfrec 


ail’. The animal chamber was disconnected, closed, and weigbec 
(to 5.0 mg.). The respii'atory metabolism was then determined 
during the subsequent 3 hour period, the stream of air througl 
the system being adjusted at a rate (about 24 liters per hour) tc 
prevent condensation of moisture on the sides of the anima 
chambers. At the end of the period the animal chamber, as wel 
as the absorption flasks, was again weighed and the value cor- 
rected for temperature changes. The temperatures in the 
respiratory chamber varied from 28° to 33° on different days 


“ Kindly supplied by Anheuser-Busch, Inc. 

2 Protein 23 per cent, fat 6.0 per cent, carbohydrate (by difference, 
67 per cent. 

^ The gravimetric procedure of Haldane was employed. 
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within which limits consistent results were obtained. At higher 
temperatures the data were variable and unsatisfactorj\ The 
efficiency of the water absorbers (H1SO4) was checked from time 
to time by introducing magnesium perchlorate bottles into the 
system. Two CO2 absorbing units were used. The first con- 
tained Wilson (8 mesh) soda lime and HjSO^. The second unit 
contained soda lime and calcium chloride, and sen'ed as a check 
on the efficiency of the first. 

n.Q. values after glucose feeding and saline injection only 
(controls) varied from 0.81 to 0.97. The values obtained from a 
given animal under comparable conditions on different occasions 
were quite consistent. Inasmuch as the assay method is based 
on the depression of the r.q. below the control level caused bj' 
the injection of pituitarj*^ extracts, it is necessary to use only rats 
ghdng high control b.q. values. The plan was therefore adopted 
of making initial control determinations on all animals; those 
giving values below 0.86 (arbitrarib’- chosen) were discarded. 
About three-fourths of all the animals tested gave control values 
at or above this level. 

The animals gi\dng acceptable r.q. values were then used 
repeatedly at weekly intervals either for the assay of anterior 
pituitary preparations or for additional control r.q. determina- 
tions. It soon became apparent that some animals after several 
weeks use gave abnormally low respiratorj" quotients when tested 
with glucose and saline onlj^ and that the number of animals 
showing these (acquired) low control responses increased with the 
number of injections of pituitary extract, 20 to 40 per cent of a 
given group being affected after ten to fifteen weekly tests.^ Fig. 1 
illustrates the progressive decrease in the control r.q. values in 
some individual animals injected with anterior pituitary extract 
for the periods of time shown on the abscissa. This difficulty 
was avoided by selecting animals gmng control r.q. values over 
0.86, using them for four or five weekly assay tests, and then dis- 
carding them. With these precautions the results have been 
consistent and it is believed that the method is suitable for an 
approximate assay of actmty. 

The extent of depression of the r.q. below the control values 
has been used as an index of acti\’ity of the material administered. 

‘ The cause of these abnormal responses is being studied further. 
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The I'esults of the assay of different anterior pituitary prepara- 
tions at various dosage levels are compared by plotting the 
R.Q. values against the quantity of extract administered. Having 
thus determined the amount of a given extract needed to depress 
the R.Q. to 0.80, we calculated the multiples of this dose ad- 
ministered at other dosage levels. The composite curve obtained 
from a number of extracts is shown in Fig, 2. A unit of material 



WEEKS 

Fig. 1. The effect of repeated weekly injections of anterior pitutnry 
e.xtract upon the control k.q. response of the glucose-fed rat. 

is arbitrarily defined as that amount which when injected into 
animals under standard conditions will depress the R.Q. values 
to 0.80. Between the limits of 0.2 and 2.0 units the curve can 
be used for the evaluation of the potency of extracts. When the 
R.Q. values of the data in Fig. 2 are plotted against the log of the 
dose, the curve approximates a straight line between the dosage 
levels 0.2 to 2.0 units (see Fig. 3). Thus, the unit dose may 
be determined by injecting two series of animals at two dos- 
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age levels between 0.2 and 2.0 units. Consistent assay v^ues 
have been obtained in this way by the use of four to eight animals 
per point. 

Preparations of Anterior Pituitary Extracts— Beei pituitaries 
were used in all cases. The glands were packed in dry ice at the 
slaughter-house and stored at — 10° until the anterior lobes were 
dissected. All procedures have been carried out in the cold room 
at approximately 0°. Various methods of extraction have been 



Fig. 2. Curve showing the relationship between E.q. reduction and 
amounts of anterior pituitary extract administered. The small figures 
on the curve in(ficate the number of determinations used to evaluate 
the point, 

tried. Extraction by alkaline solutions has invariably given better 
yields than either by acid or neutral solutions. Alcoholic ex- 
traction has failed consistently. Extraction with Ba(0H)2 or 
Ca(OH )2 by a slight mochfication of the Evans, Cornish, and 
Simpson method (23) has given the most satisfactory results. 
Complete centrifugation and rigid control of the salt concentration 
are essential to the success of the method. 

The quantity of groimd glands used in the preparation of 
different extracts- has varied from 100 to 600 gm. A typical 
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extraction was carried out as follows: 5 volumes of cold distilled 
water were added to the glands and the solution was stirred until 
homogeneous (20 to 45 minutes), 0.2 n Ba(OH )2 solution was 
slowly added (with stirring) until the solution reached pH 11.0 
(glass electrode). This required about 1 volume of base. The 
mash was stirred for 10 to 15 minutes and then stored in a stop- 
pered flask at 0° in an ice bath. The extraction was carried out 
for 4 days, the pH being maintained at or near 11.0 by frequent 
additions of small amounts of base (see the accompanying dia- 
gram). The mash was then strained through cheese-cloth 



Fig. 3. Same data shown in Fig. 2 plotted on a semilogarithmic scale. 


and the pH reduced to 9.5 by the slow addition of 0.2 N 
No Na 2 S 04 was added to the solution. The solution was passed 
through a Sharpies centrifuge repeatedly until clear. Solid 
ammonium sulfate was added to make 0.2 saturation (12 gm- 
per 100 cc, of solution). After standing 20 minutes the solution 

^ When the pH of the extract was reduced to 7.0 to 8.0 soon after the 
extraction process was initiated, marked loss of activity often rosultcc . 
Extracts previously stored at pH 11.0 for a number of days were move 
stable in the region of pH 7.0 to 8.0. We are inclined to attribute t us 
stabilization to the destruction of proteolytic enzymes by the alkaline 
solutions. 



Glands extracted with 
Ba(OH)j solution (pH 11, 4 days) 
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All yields are calculated as protein per 100 gm. of fresh glands. 
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was centrifuged. The supernatant liquid was brought to 0.45 
saturation by the addition of 15 gm. of solid ammonium sulfate 
per 100 cc. of solution. After the salt dissolved, the mLxture was 
allowed to stand 20 minutes, when the precipitate was removed 
by centrifugation (Sharpies). The precipitate was next ex- 
tracted with 6 volumes (volume equal to initial volume of solu- 
tion) of 0.2 saturated cold ammonium sulfate solution. This 
solution (A) was allowed to stand 1 hour; during this time all 
solid residues from the initial extraction were reextracted with 
3 volumes -of 0.2 saturated ammonium sulfate solution. The 
suspension was centrifuged and the supernatant adjusted to 
0.45 saturation as above. The precipitate was removed and ex- 
tracted with 1.5 volumes of 0,2 saturated ammonium sulfate 
(Solution B). Solutions A and B were combined, centrifuged, 
and the salt concentration then adjusted to 0.45 saturation and 
recentrifuged. The total precipitate was placed in collodion 
or Visking casings and dialyzed in a mechanical dialyzer for 60 
hours at 0° against large volumes of distilled water. The total 
procedure from the time the pH was adjusted to 9.5 to the dialysis 
step was carried out during the course of 1 day, as it was found 
that storage of extracts in the ice box overnight at intermediate 
stages often resulted in marked loss of activity. 

The dialyzed material (pH 6.7 to 7.0) was centrifuged, and 
the precipitate was extracted with 1 volume of distilled water 
and recentrifuged. This was marked Precipitate Q. The above 
two supernatants were combined, the pH adjusted to 5.75 by 
means of 0.2 n HCl, and the resulting precipitate removed by 
centrifugation. This was marked Precipitate K. Precipitates 
K and Q were spread in thin layers each on hard filter paper and 
dried in a vacuum desiccator containing H 2 SO 4 and an excess of 
dry ice.® Both fractions proved to be rich sources of the E.Q-- 
depressing factor. Approximately 5000 to 6000 R.Q.-depressing 
units per 100 gm. of anterior lobe material were obtained by 
this method. This represents about 40 per cent of the active 
material present in the original crude extract. These powders 
are soluble in alkaline or neuti’al salt solutions; they are less 

« Later preparations have been frozen in dry ice-alcohol mixtures and 
dried in a thin layer in the frozen state by means of a Cenco pump hooked 
in series with a trap maintained at —40° by dry ice and butj'l alcohol. 
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soluble in the absence of salts or in the pH range 4.'5 to 7.0. The 
powders slowly lose their acthity over a period of months when 
stored in a desiccator over H2SO4 at 0°. Powders prepared by 
the above methods have quite consistently yielded K fractions 
active in a unit dose of 0.2 mg. of protein. The Q fractions are 
less active (unit dose of about 0.3 mg.). On several occasions 
extracts have been prepared from our K powders by various 
means (isoelectric precipitation, alumina C7 adsorption) that 
have proved to be active in a unit dose as low as 0.077 mg. of 
protein. The yield as a rule has been small and the preparations 
quite unstable. 

pH Stabiliiy — In order to determine the optimum pH for 
storage of extracts the following series of experiments was carried 
out. Samples of a potent extract adjusted to pH values ranging 
from 1.5 to 12.3 were stored in stoppered Pyrex flasks at 0° for 
periods as long as 3 or 4 weeks. The different samples were 
assayed periodically for their R.Q.-reducing potency. All extracts 
stored at pH values below 8.0 retained less than 25 per cent of the 
original actmty after 10 days. Extracts stored in the pH range 
9.5 to 11.0 were much more stable, while those extracts sub- 
jected to pH values above 11.5 lost much of their activity. All 
solutions, even those stored at pH 3.3 and 12.3, retained small 
amounts of activity after 3 weeks storage. 

Isoelectric precipitation carried out on K fractions in acid 
solutions (pH 3.3 to 6.5) has often given small amoimts of verj’’ 
active material. The total jdeld, however, even when all frac- 
tions are tested, has been very small (losses up to 90 per cent 
of the initial actmty). The factor is much less stable in acid 
than in basic solution. It does not precipitate sharply at any 
pH value but tends to come out of solution over a wide pH range, 
the greater amount precipitating in the neighborhood of pH 6.6 
to 5.75. The results have been substantially the same in salt-free 
electrodialyzed samples. Some of our most potent extracts have 
been allowed to stand near pH 10.5 for weeks without marked loss 
of acti\dty. For these reasons we have adopted the practice of 
storing our extracts made from the K powders in tightly stoppered 
bottles at pH 9.5 at 0°. They retain their actmty well for 
1 to 4 weeks. Frozen extracts stored at —10° are more stable. 
Repeated freezing and thawing result in marked loss of activity. 
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Rcdvclion of Factor by Cysleinc~K powders dissolved in 0,01 
M sodium ijliosphate solution and mixed with a large excess of 
cysteine (final pH = 8.0) were stored at 0° under nitrogen for a 
period of 24 hours, after which they were dialyzed against large 
volumes of 0.01 Rr sodium carbonate solution (adjusted to pH 
9.5 by the addition of HCl) to remove cysteine and cystine. 
The factor Avas not inactivated by this treatment. Similar 
properties have been described for the growth hormone (24), 


■ EXTRACT HEATED lOO-C. 151,' 

W □ UNHEATED EXTRACT 

O S ULTRAFILTRATE 



R.Q. BLOOD URINARY RQ. BLOOD URINARY RQ- URINAW , ROj 
ACETONE ACETONE ACETONE ACETONE ACETONE 

INCREASE INCREASE 


Fig. 4. The effect of heat and ultrafiltrntion upon the n.o. -reducing 
and ketogenic activity of anterior pituitary extract. The ultrafiHrndon 
studies were carried out on Extract 19, a crude alkaline e.xtract. 


Heat Stability — Fig. 4 shows the results of a series of experi- 
ments carried out avith Fraction 36Q and Extract 19 (a crude 
alkaline extract). A saline extract of 36Q poAvder Avas injected 
into a series of rats at 2.0 and 0.5 cc. levels. The average of these 
determinations gave R.Q. Amlues of 0.79. A portion of tins 
material Avas adjusted to pH 10 and heated to 100“ for 15 minutes. 
Heating resulted in the complete loss of the ability to loAver the 
R.Q, values, and a marked loss of the ketogenic potency as judge 
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by uiiiiarj’' and blood acetone values. Some workers have 
obtained comparable results (5, 7, 10); others disagree (16, 18). 

UUrafilirabiliiy—A crude alkaline extract of the pituitary was 
ultrafiltered through a collodion membrane and the ultrafiltrate 
and non-filtrable portions were te.sted for their n.Q.-depressing 
and ketogenic effects (Fig. 4). The ultrafiltrate was injected at a 
level* equivalent to 80 times the unit dose (assuming equal con- 
centrations on the two sides of the membrane) and was found to be 
inactive. The non-filtrable portion was active in 1/80 the above 
dose. The ultrafiltrate was tested for urinary ketogenic effects 
at a dosage level calculated to be 120 times the amount required 
to give a unit e.q. response. No significant increase in acetone 
excretion occurred. The non-filtrable fraction was effective in 
increasing urinary acetone excretion. The factor is, therefore, 
not ultrafiltrable, a conclusion which is in agreement with that 
of some workers (10) hut not of others (7, 9, 13, 25). 

Relation to Melanophore Hormone — A melanophore extract was 
prepared from the posterior lobe and pars intermedia of beef 
pituitary glands by the method of Zondek and Krohn (26). 
This preparation when injected into our test rats did not depress 
the R.Q. (Fig. 4). The dose administered contained approximately 
3000 times the melanophore content foimd in the unit r.q.- 
depressing dose of our anterior lobe preparations. All melano- 
phore preparations were assayed on frogs. 

Other Hormones Found in Fraction 36K 

Thyrotropic Factor — A solution containing 2.12 mg. of 36K 
powder was injected subcutaneously into day-old chicks over a 
4 day period, according to the method of Bergman and Turner 
(27). The weights of the thyroid glands were not increased over 
controls. Hypophysectomized rats injected with a total of 110 
R.Q. units over a 10 day period gave .subnoimal basal metabolic 
values. 

Adrenocorticotropic Factor — A solution containing 75 e.q. units 
of 36K powder administered intraperitoneally to 21 day-old rats 
over a 4 day period failed to increase the weight of the adrenals. 
A total dose of 110 r.q, units of this powder when administered 
daily intraperitoneally over a 10 daj' period to completelj' hypo- 
physectomized rats (confirmed at autopsy) did not stimulate the 
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adrenals significantly. The rats, 120 to 140 gm. of body weight 
at operation, failed to grow or lost weight over a 15 day period 
before injections were initiated. After 10 days injection, adrenal 
weights of 10, 14, 16, 14, 12, and 11 mg. were recorded. 

Gonadotropic Factor— Four daily injections containing 75 r.q, 
units of Fraction 36K injected intraperitoneally into 21 day-old 
rats caused but slight hypertrophy of the gonads. Cysteine- 
treated samples were inactive when tested at a 110 b.q. unit level. 
Hypophysectomized animals (body weight 120 to 140 gra.) treated 
for 10 days with a total of 110 r.q. units of Fraction 36Khad 
ovaries weighing 8 to 20 mg. 

Growth Factor — Adult female rats with stationary body weights 
injected intraperitoneally daily for 20 days with a total of 110 h.q. 
units of Fraction 36K gained on an average of 24 gm. in body 
weight during the period. After storage for 7 months in a desic- 
cator over HaSO-t at —3°, Fraction 36K was again assayed for 
growth potency in completely hypophysectomized rats. A total 
dose of 110 R.Q. units administered over a 10 day period resulted 
in 17 to 25 gm. of gi’owth (average 23 gm.) during the period. 
At this time the pow'der had lost about 60 per cent of its k.q.- 
reducing potency. The growth effects had likewise decreased 
markedly. 

Lactogenic Factor — The material (Fraction 36K) was tested by 
both the Lyons (28) and the Riddle et al. (29) pigeon methods at 
dosage levels of 1.5 and 70 r.q. units intradermally and intra- 
muscularly respectively and caused slight stimulation of the crop 
glands in each case. 

The fraction, therefore, contains small amounts of gonado- 
tropic and lactogenic material and considerable amounts of the 
growth factor. Extracts treated with cysteine at pH 8.0 ac- 
cording to the method of Meamber, Fraenkel-Conrat, Simpson, 
and Evans (24) proved to be free of gonadotropic material when 
tested at a 110 r.q. unit level but contained small amounts 
of lactogenic and possibly adrenotropic material. 

Ketogenic Factor— Many of our different extract preparations 
have been tested for their ketogenic effects. The following 
methods have been adopted. Young male rats of body weights of 
175 to 250 gm. were fasted 24 hours before urine collection was 
started. The urine was collected between the 24th and 48t 
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hours (fore period). Anterior pituitary extracts or saline \vas 
then administered by intraperitoneal injection and the urine was 
collected between the 48th to 72nd hours (test period) and the 
72nd to 96th hours (post jjcriod). Blood samples were taken at 
the beginning of the test period and again 4 hours later. Blood 
acetone bodies were determined by the method of Shipley and 
Long (10). Total urinary acetone body determinations were 
cari-ied out by the gravimetric method of Van Slyke with the 
Deniges reagent (30). A factor of 0.062 was used to convert the 
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Fig. 5. Summary of the r.q. - reducing and ketogenic potency of different 
extracts showing the general parallelism between the two effects. Each 
point represents an average of five to seven or more separate determinations. 


urinary acetone precipitate to acetone. All results are ex- 
pressed as mg. of acetone. 

In general the ketogenic I’esponses of different animals as well 
as of the same animal on different trials varied widely. This was 
especially true of the urinary excretion values. The blood ketone 
levels were somewhat less loanable, as has been found by Shiplej 
and Long (10) (see Table I, Group I). After a 48 hour fast the 
blood acetone levels varied from 1.3 to 27.6 mg. per cent, tvheieas 
the urinary values for the fore period (24th to 48th hours of fast) 
varied from 0.8 to 13.7 mg. per 24 hours. 
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Table I summarizes the blood and urinary acetone findings 
for the control (24th to 48th hour of fast) as well as for the test 
periods (48th to 72nd hours) as affected by the amount of anterior 
pituitary extract administered. The same extracts were assayed 
also by the n.Q. depression method. Groups III to V which re- 
ceived increasing amounts of extract showed only a doubtful 
increase in ketone excretion but had significantly higher blood 
ketone levels. When 2 to 3 units of anterior pituitary extract 
were given (Group VI) (a dose which reduced the r.q. to about 
0.78), a significant increase in urinary ketone body excretion as 
well as a marked rise of blood ketones occurred. 

The general parallelism between the R.Q.-reducing effects and 
the increase in blood acetone body content is shown in Fig. 5. 
Each point represents an average of 5 to 7 or more individual 
blood determinations. We have prepared numerous extracts 
by a wide variety of procedures and have not been able to obtain 
an extract potent in either the r.q. effect or the ketogenic effects 
without being active also in the other. 

SUMMARY 

A method of assay is described for the respiratory quotient- 
reducing substance of the anterior pituitary gland, based upon 
the effect of the intraperitoneal injection of the extract upon the 
respiratory quotient of rats fasted 20 hours before and fed glucose 
2 hours after the injection of the extract under assay. An ap- 
proximate unit is defined as that amount of material which will 
reduce the respiratory quotient to 0.80 (from the control values 
of 0.86 to 0.94). A cun^e has been constructed relating the 
respiratory quotient to the dosage level. The effects of the 
same extracts upon the blood and urinary ketone body levels 
have been studied in the fasted rat. 

With these criteria, attempts have been made to concentrate 
and study the properties of the factor or factors involved. Basic 
extraction of frozen glands at pH 11.0 has given results far su- 
perior to those obtained by neutral, acid, buffer, or saline ex- 
traction. The factor is heat-labile (100° at pH 10 for 15 minutes) 
and non-diffusible through cellophane or collodion membranes. 
The activity of different extracts does not parallel their melano- 
phore content. The larger part of the factor is salted-out by full 
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saturation with NaCl or 0.2 to 0.45 saturation with ammonium 
sulfato. Isooloctrically a large part of the factor precipitates 
in the region of pH 6.7 to 5.75. The activity of the factor is not 
destroyed by treatment with excess cysteine at pH 8.0. It is 
more stable in the pH range 9.5 to 11.0 than at higher or lower 
pH values. It is much less stable in acid solution. By means of a 
modified Evans, Cornish, and Simpson alkaline procedure fol- 
lowed by repeated salting-out with 0.2 to 0.45 saturation witli 
(NH4)2S04, dialysis, and isoelectric precipitation between pH 
6.7 and 5.75 fractions have been prepared active in a unit dose of 
0.17 mg. of protein. Our best fractions are rich in growth factor 
and contain only small amounts of lactogenic and adrenocortico- 
tropic material. The ketogenic and R.Q.-reducing potencies of our 
fractions ' run approximately parallel. It has not been possible 
to separate the two effects. 
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MUCmASE: A BACTERIAL ENZYME WHICH HYDRO- 
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In the course of a series of investigations undertaken in this 
laboratory to obtain as complete a knowledge as possible of the 
physiology of normal and pathological joints, investigations con- 
cerning the metabolism of syno\dal fluid mucin were undertaken. 
The two possible mechanisms for removal of mucin from the joint 
appear to be enzymatic destruction vithin the joint or removal by 
way of the lymphatics. In \'iew of the kno\vn diflBculty in remov- 
ing globulin (a smaller molecule than mucin) from the joint (1), 
it seemed probable that enzjnnatic acti^^ty was the important 
factor. 

In an attempt to obtain evidence of the presence in normal or 
pathological fluid of an enzyme capable of destroying mucin, 
specimens of sterile normal and pathological fluids were allowed to 
stand for %’'arying periods of time at 25° and 37°. In no instance 
was any decrease in mucin noted nor did any change in mucin 
occur. However, in the course of other studies on syno^dal fluid 
mucin, a specimen of normal syno\dal fluid was encountered which 
had lost its ^dscosity and from which mucin could no longer be 
precipitated as a ropj’’ mass by the addition of dilute acetic acid. 
The possibility that the mucin had been destroyed by an enzjme, 

* This is publication No. 40 of the Robert W. Lovett Memorial for the 
study of crippling disease, Harvard Medical School, Boston. 

The e.xpenses of this investigation were defrayed by a grant from the 
Commonwealth Fund. 
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elaborated by contaminating bacteria, was immediately suggested. 
An anaerobic bacillus, identified as ClostridiuTn perfringens,^ was 
isolated and found to produce an enzyme which decomposed 
synovial fluid mucin. 

The destruction of mucins or their prosthetic polysaccharides 
by a bacterial enzyme has been described by other workers. 
Neuberg and Cahill (2) isolated a bacterial enzyme capable of 
liberating sulfuric acid and reducing substances from the 
chondroitin of cartilage, Meyer, Dubos, and Smyth (3) demon- 
strated that the autolytic enzyme of the pneumococcus hydrolyzed 
“hyaluronic acid,” the polysaccharide obtained from vitreous 
humor, umbilical cord, and hemolytic streptococci. Since our 
studies were first undertaken, Meyer, Smyth, and Dawson (4) 
have reported that the autolytic enzyme of pneumococci hydro- 
lyzes a polysaccharide similar to hyaluronic acid, isolated from 
synovial fluid. 

The enzyme elaborated by Clostridium, perfringens, which we 
have designated mucinase, hydrolyzes synovial fluid mucin in two 
stages. The first step produces a decrease in viscosity of the 
mucin solution and a change in the precipitability of the mucin 
with acetic acid. In place of the usual ropy, coherent mass, a 
completely atypical flocculent precipitate is obtained (Fig. 1). 
This change in precipitability takes place mthin a few minutes. 
Neither free amino sugars nor reducing substances are then present. 
A secondary reaction, proceeding at a much slower rate, liberates 
amino sugars and reducing substances, which reach a maximum in 
24 to 48 hours. All enzyme preparations have shown a similar 
relation between the rates of the two reactions. No increase of 
free amino groups is caused by the enzyme. 

A polysaccharide, isolated from synovial fluid mucin after 
tryptic digestion of the protein component, is similarly destroyed 
by mucinase. 

Fluids from many cases of specific infectious and rheumatoid 
arthritis show a decreased concentration of mucin, a lowered 
viscosity, and a change in the type of precipitate obtained with 

1 We are indebted to Dr, Louis Dienes and Dr. Helen Arnold of flic 
Massachusetts General Hospital for bacteriological assistance, and to Dr. 
Ivan Hall of the University of Colorado, Denver, for corroboration of the 
identity of the organism. 
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aeetic acid. The similarity of these changes to those produced 
by mucinase (see Fig. 1) suggests that they are caused by enzj'- 
matic phenomena. 

1. Preparation and Purification of Mucinase and Siibstrate 

Clostridium perfringens is cultured anaerobically for 18 hours in 
infusion broth containing a la3mr of meat. (Composition of 
broth: meat infusion, 0.5 per cent sodium chloride, 2 per cent 
Bacto-Peptone.) Omission of the meat results in reduction in the 



Fig. 1. Change in acetic acid precipitability of mucin during enzjTnatic 
digestion. From left to right, typical precipitate of good mucin; precipi- 
tate of mucin after partial en 23 'matic digestion with mucinase; precipitate 
of mucin after complete breakdown bj- mucinase. 

mucinase actmtj’’ of the culture. Incubation at 37° is only slightlj' 
more favorable than cultivation at 20°. Repeated transfers of 
the organism into meat-layered infusion broth result in a variation 
of the characteristics of the culture. This change appears to be 
irreversible. The broth becomes viscous and it is possible to 
precipitate a mucoid-like substance vdth acetone. The concen- 
tration of mucinase is rendered difficult bj’’ these changes. 

500 cc. of an 18 hour broth culture are centrifuged and filtered 
through a Seitz bacterial filter. (The acthitj" of various broth 
cultures fluctuates very little.) 1 volume of ice-cold acetone is 
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added while the temperature is kept below J0° 0.5 cc. of a 

saturated calcium chloride solution is added. The calcium phos- 
phate thus formed effectively adsorbs the enzyme. The centii- 
fuged precipitate is washed well and finally suspended in appro.xi- 
mately 70 cc. of distilled water. The adsorbent is just dissolved 
with 3 N acetic acid. After centrifuging, the solution is dialyzed 
against cold distilled water for 48 hours and again centrifuged. 
The activity is increased approximately 900-fold. There are no 
detectabie amounts of calcium, magnesium, or phosphate ions 
present. Heating at 60° for 5 minutes destroys its activity. At 
4°, the solution is fairly stable; losing about 20 per cent of its 
activity in 1 month. 

Estimation of the activity of mueinase is based on the primary 
stage of the mucin degradation, as determined by the change in 
precipitability with dilute acetic acid (Fig. 1). 1 cc. of the 
enzyme-containing solution is added to 3 cc. of a 0.05 m phosphate 
solution, pH 7.4, containing approximately 15 mg. of mucin and 
mixed well. The reaction mixtiu'e is kept at 25°. Portions arc 
removed at frequent intervals and pipetted into an excess of 1 per 
cent acetic acid. The end-point is considered reached when 
mucin fibers no longer appear. A fair accuracy can be obtained 
after an orienting determination. The complete breakdown of 10 
mg. of mucin in 10 minutes corresponds to an activity of 10. 

Reducing substances were determined by the method of Hagc- 
dorn and Jensen (5). Free amino sugar was determined as 
glucosamine after Morgan and Elson (6). An Evelyn photo- 
electric colorimeter with Filter 620 was used. 

Viscosity is the relative viscosity at 25°, as measured in a 
modified Ostwald pipette. The loss in viscosity may bo used 
qualitatively as a test for mueinase action. 

For the pi'eparation of synovial fluid mucin, the astragalotibial 
joints of steers' are aspirated within 30 minutes after death. The 
fluid is centrifuged and diluted with 5 volumes of water. The 
mucin is precipitated by the addition of acetic acid to a final 
concentration of 1 per cent. The ropy precipitate is washed with 
water and dissolved in one-half the original volume of 0.05 m 


2 Wo are indebted to the New England Dressed Meat and Wool Company 
for their kind cooperation. 
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secondary sodium phosphate. After solution has taken place 
(approximately 2 hours), 2 volumes of alcohol are added and mixed 
well; the precipitation is completed with 1 volume of ether. The 
precipitate is washed and redissolved in the same volume of 0.05 si 
secondary sodium phosphate. This solution is poured into 4 
volumes of 1 per cent acetic acid; the precipitated mucin is washed 
and dissolved in 0.5 per cent sodium carbonate. The solution is 
dialyzed for 2 weeks against cold distilled water, centrifuged 
sharply, and concentrated by evaporation from the surface of a 
cellophane sack in the ice box. A 0.2 si solution of phosphate 
buffer, pH 7.4, is added until the concentration reaches 0.05 si. 
Upon the addition of dilute acetic acid, this very viscous solution 
gives the typical white, ropy precipitate, which is insoluble in 
water. The nitrogen content of the mucin is approximately 12.5 
per cent and upon hydrolysis the amino sugar yield is 7 per 
cent. 

The polysaccharide of syuosdal fluid mucin is obtained from the 
acetic acid precipitate from 10 liters of synovial fluid which is 
dissolved in 2 liters of 0.5 per cent sodium carbonate and repre- 
cipitated in 4 volumes of 2 per cent acetic acid. The mucin, 
redissolved in 2 liters of 0.5 per cent sodium carbonate, is precipi- 
tated by the addition of 2 volumes of alcohol acidified with acetic 
acid, redissolved in 0.5 per cent sodium carbonate, and the pH 
adjusted to 9. 5 gm. of trypsin (Pfanstiehl 1-110) are added 
and the mucin allowed to digest 36 hours at 38°. The resulting 
solution although still idscous gives no precipitate with dilute 
acetic acid. Trichloroacetic acid is added to a concentration of 
10 per cent to precipitate the remaining protein. The solution is 
then centrifuged, neutralized with potassium hydroxide, and 
precipitated with 3 volumes of alcohol. The flocculent precipitate 
is taken up in 600 cc. of water and reprecipitated with 5 volumes 
of alcohol. The stringy mass is washed well with alcohol acidified 
with acetic acid, and ether, and dried in vacuo. About 3 gm. of 
the polysaccharide are obtained from 10 liters of fluid. The 
potassium salt is white and very fluffy. It is sulfur-free but 
contains traces of phosphorus. It is readily soluble in water, 
giving clear viscous solutions from which it is not precipitated 
with dilute acetic acid. A 0.2 per cent solution has a viscosity 
about 40 times that of water at 25°. 
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S. Characterization of Mucinase 

The effect of mucinase on synovial fluid mucin was followed 
quantitatively to determine whether the action of mucinase is due 
to two enzyme systems. The rates of reaction of several enzyme 
preparations were compared for the two stages of the breakdown. 
The ratio of the rates of reaction was the same for each preparation, 
which indicates that only one enzyme is responsible for the two 
reactions. 


Table I 


Enzymatic Liberation of Amino Sugars and Reducing Substances 
from Synovial Fluid Mucin 


! 

Ac- 

1 Loncth of digestion I 

After 

Propnration 

tivity 



acid 


per CO. 

30 min, C hrs. 

12 hrs. 25 hrs, 50 hrs. 

dr^ysis 


Amino sugars as mg. glucosamine per cc. 


Mucinase I 

75 

0.0025 

0.01 

0.025 

0.053 

0.062 

0.37 

“ II 

160 

0.006 

0.035 

0.067 

0.062 

0.062 

0.37 

" III 

130 

0.004 

0.024 

0.067 

0.062 

0.062 

0.37 

Filtered culture of 








Clostridium jicrfrin- 








gens 

24 

0.004 

0.005 

1 

0.011 

0.022 




Reducing substances as mg. glucose per cc. 


Miifiinn.se I 

75 

0.02 

0.12 

0.18 

0.25 

0.29 

0.45 

“ II 

160 

0.08 

0.25 

0.30 

0.30 

0.31 

0.45 

” III 

130 

0.05 

0.19 

0.29 

0.30 

0.31 

0.47 

Filtered culture of 





Clostridium perfrin- 

^p.n.R 

24 

0.12 

0.13 

0.15 

0.20 










1 cc. of each of the mucinase solutions to be tested was added 
to 20 cc. samples of a buffered mucin solution (5 mg. per cc.) and 
incubated at 38°. The original viscosity of 33.7 was reduced in 
each case to approximately 2 after 15 minutes of enzymatic diges- 
tion. The data as reproduced in Table I show the similarity of 
rates for the two stages. 

The action of mucinase on the polysaccharide from synovial 
fluid mucin was studied in similar experiments. The original 
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viscosity of 59.6 was reduced to 1.5 after 15 minutes of enzymatic 
digestion. Amin o sugars and reducing substances were liberated 
as shown below. 



^ 30 min. 

24 hrs. 

4Slirs. 

After acid 
hydrolysis 

Amino sugars as mg. glucosamine 
per cc 

0.0025 

0.03 

0.06 

0.282 

Reducing substances as mg. glucose 
per cc 

0.012 

0.131 

0.189 

0.385 


The activity of the mucinase preparation was 130 per cc. 


The specificity of mucinase towards other mucoids than that 
obtained from synovial fluid was determined quahtatively. Thus, 
if a buffered viscous solution of the mucoid lost its tascosity and 
characteristic precipitability after incubation with mucinase, it was 
considered a possible substrate for the enzyme. 

Mucinase did not affect gastric mucin (human or swine) or 
salivary mucin (human), both of which are secreted by mucous 
membranes, or chondroitinsulfuric acid obtained from cartilage. 
Cattle cartilage* suspended for 1 week in an enzyme solution 
showed neither gross nor microscopic changes. 

Viscous solutions of mucins obtained from mnbilical cord 
(human), and loose abdominal connective tissue fascia (rabbit) 
by extraction of these tissues with secondary sodium phosphate, 
and the clear viscous solution of macerated vitreous bodies 
(cattle) all gave typical mucin precipitates. In each case the vis- 
cosity and characteristic precipitability were rapidly destroyed 
by mucinase. 

The control experiments, without added mucinase, were nega- 
tive except in the case of vitreous mucin. Vitreous mucin was 
destroyed after standing several hours at room temperature. 
Furthermore, centrifuged vitreous hmnor caused the breakdown 
of 10 mg. of added synovial fluid mucin during overnight digestion. 
A substance with mucinase activity is apparently present in the 
eye in small amounts. Meyer et al. (4) report an enzyme similnr 
to the autolytic enzyme of pneumococcus in the ciliary body. 
In the vitreous humor the enzymatic activity is apparently due 
to ascorbic acid (7). 
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Further characterization of the enzyme is given by the following 
experiments which show the effect of various conditions on the 
rate of reaction of mucinase. 


Effect of Substrate Concentration 

1 cc. of a mucinase solution was added to varying amounts of 
mucin dissolved in buffer. The breakdown times are recorded. 


Mucin, mg 

10 

20 

30 

40 

60 

100 

Time, 7mn 

4 

8 


151 

23 

41 


The rate of reaction is constant and independent of the amount of 
mucin present. The accumulation of the primary degradation 
product does not affect the rate of mucinase reaction. 



Effect of Enzyme Concentration 

Several dilutions of a purified mucinase solution were made. 
1 cc. of each enzyme solution was added to 3 cc. of the mucin 
solution containing 15 mg. Fig. 2 shows the rate of enzyme reac- 
tion plotted against an arbitrary enzyme concentration. The 
curve shown is typical of three obtained with different enzyme 
preparations. The rate of reaction is not directly proportional 
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to the amount of enzyme present, the more dilute solutions being 
more active. This effect may be due to protective colloids. 

Effect of Salt Concentration 

Preliminary experiments indicated that dialyzed mucinase 
preparations did not cause a breakdo-wn of dialyzed mucin. The 



0.01 0.02 0.03 0.0« 0j05 0.0 6 0JD7 OjOB 0X)9 O.I 

MOLAR CONCENTRATION OF PHOSPHATE 
Fig. 3 

addition of small amounts of salt activated the reaction. The 
effect of salt concentration was further investigated. 0.5 cc. ol 
mucinase was added to 2 cc. of a dialyzed mucin solution contain- 
ing 10 mg. of mucin and 1 cc. of phosphate buffer, pH 7.4, of 
varying concentration. 

Fig. 3 shows the increase in the reaction rate of mucinase with 
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increasing buffer concentration. Citrate, chloride, and sulfate 
salts reactivate the enzyme similarly. 

Effect of Viscosity 

1 cc. of a purified mucinase solution was added to 10 mg, of 
mucin dissolved respectively in 2, 4, 6, 8, and 16 cc. of 0.05 m 
phosphate buffer. The viscosities of these solutions ranged from 
24 to 2 respectively. The change in characteristic precipitability 
took place in each case in 6 minutes. Substrate dilution with 
resultant lowering of viscosity does not affect the rate of enzyme 
reaction. 

Effect of Temperature 

The breakdown of 10 mg. of mucin was carried out in a water 
bath kept at the desired temperature. The time in nainutes 
required for breakdown of the mucin in two experiments is 
recorded. 


Tempcraturo, °C ' 

. . 1 

0 

1 

10] 1 

20 

30 

40 

50 

Experiment I 

42 

24 

13 

n 

1 

4 

21 

" II j 

31 

1 18 

10 

1 6i 

1 n 

1 2 

Kto 1 

1.7 1.8 1.7 1.8 1.8 


The average Kio is 1.75. Similar values have been reported for 
other enzyme reactions. Above SO", destruction of the enzjnne 
takes place rapidly. 

Effect of pH 

5 cc. of 0.5 N sodium chloride containing different amounts of 
0.5 N hydrochloric acid or of 0,5 n sodium hydroxide to adjust the 
pH were added to 10 cc. of a dialyzed mucin solution. The pH 
was determined with the glass electrode. The reaction times for 
the breakdown of the mucin in 3 cc. of these solutions by 1 cc. of a 
dialyzed mucinase solution were measured. 


1 

j 2.6 

1 3.9 i 

j 

4.3 ^ 

6.3 ^ 

6,7 

J 

6.4 1 

6.8 

. . 

7.4 

8.6 

9,1 





Time, min 


81 

1 

: 9 1 

I 91 

00 

81 

1 ■ 

; 9 

101 1 

ud 



The active optimal range is broad, extending from pH 3.9 to 
8.6, In the alkaline range, the activity diminishes until at pH 9.2 
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complete inacti\'ity has taken place. Because of precipitation of 
the mucin, the enzyme acthnty could not be measured between 
pH 3.9 and 2.5. 

Inhibiting Effect of Certain Substances 

1 cc. of a solution of substance to be tested was added to 1 cc. 
of a mucinase solution and the mixture added to 3 cc. of a 0.05 xi 
phosphate buffer solution containing 15 mg. of mucin. The final 
concentration of the inhibitor and the time of reaction are re- 
corded: 


Water control 5 min. 

Potassium cyanide, 0.03 m 60 “ 

Sodium arsenite, 0.03 “ 60 “ 

Iodine, 0.02 “ No breakdown 

“ + thiosulfate “ “ 

“ + sodium arsenite “ “ 

" + •• sulfite “ “ 


Caprylic alcohol, iodoacetic acid, maleic acid, hydrosuJfite, bisul- 
fite, sulfite, thiosulfate, fluoride, hydrogen peroxide, phenol, hep- 
arin, urethane, cysteine, cystine, ascorbic acid, as well as 2,6- 
dichlorophenol indophenol, methylene blue, leuco neutral red, and 
neutral red in concentrations up to 2 per cent did not inhibit the 
mucinase. 

The inhibiting effect of several of the above poisons on the 
liberation of amino sugars and reducing substances was studied 
(Table II). The specificity of action is the same for both stages 
of the enzymatic mucin degradation. 

1 cc. of a mucinase solution was added to 50 cc. of a mucin 
solution containing 250 mg. of mucin. After 30 minutes, the loss 
in viscosity was complete. 5 cc. of the solution were added to the 
tubes containing the inhibitor and the tubes filled to 7 cc. In- 
creases in reducing substances and amino sugars were determined. 

We have not been able to reverse the action of iodine. This 
observation coupled with the inactivation by mild reducing 
substances, such as potassium cyanide and sodium arsenite, as 
well as the ineffectiveness of maleic acid, a specific inhibitor 
for enzymes with an active sulfide group (8), precludes the possi- 
bility that such a sulfide linkage is responsible for the mucinase 
activity. Stronger o.xidizing and reducing substances are among 
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Table II 


Effect of Inhibitors on Enzymatic Hydrolysis of Synovial 
Fluid Mucin 


Inhibitor 

0 hr. 

18 hrs. 

«hrs. 

Reducing substances as mg. glucose per cc. 


0.03 M potassium cyanide 

0.02 “ sodium arsenite 

0.01 

0.02 

0.02 

0.1 “ " oxalate 

0.01 

0.12 

0.31 

0.1 “ " sulSte 

0.03 

0.14 

0.28 

0.02 “ iodine i 

0.01 

0.02 

0.02 

0.02 " “ + thiosulfate 

0.24 

0.25 

0.25 

Control 

0.00 

0.18 

0.38 

Amino sugars as mg. glucosamine per cc. 


0.03 M potassium cyanide 


! 0.002 


0.02 " sodium arsenite 


0.002 


0.1 " " oxalate 

0.003 

0.0125 


0.1 “ “ sulfite 

0.003 

0.0125 


0.02 " iodine 

0.002 

0.002 


0.02 " *’ + thiosulfate 

0.003 

0.002 


Control 

0.002 

0.02 

0.03 


Table III 

Mucinase Activity of Bacterial Cultures 


Clostridium perfringens 

100 

Bacterium proteus 

0 

Streptococcus bovis 

30 

“ prodigiosum 

0 

Pneumococcus Group VIII. . . 

15 

“ pyocyaneum 

0 

“ " XIII... 

12 

Clostridium tetani 

0 

Clostridium oedemaliens 

1-2 

'* botulinum 

0 

Vibrion septique 

3-4 

Gonococcus 

0 

Streptococcus viridans, 1 of 4 


Staphylococcus aureus and albus. . . 

0 

cultures 

25 

Streptococcus hemolyticus scarla- 


Streptococcus hemolyticus, 1 of 


iinac 

0 

8 cultures 

15 

Diphtheroid 

0 

Bacterium coli 

0 

Bacterium dysenteriae, Sonn6 

0 

Bacillus subtilis 

0 

Clostridium bifermentans 

0 


the substances which do not inhibit. It is, therefore, probable 
that oxidation or reduction processes play no important r 61 e in 
the activation of mucinase. 
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8. Distribution of Mucinase 

Cultures of various organisms were studied in an attempt to 
determine the distribution of the enzjune and a possible correlation 
between mucinase activity and the association of organisms with 
various joint diseases. Cultures of organisms known to produce 
septic joints with subsequent destruction of mucin (such as 8- 
hemolytic streptococcus, pneumococcus, gonococcus, and Bacterium 
coU) were found to have little or no mucinase actmty. Table III 
shows the relative activities of broth cultures of various organisms. 
The cultures used were 24 hour broth cultures of type strains. It 
is possible that mucinase actmty could be increased or even in- 
duced by repeated transplantations in broth containing mucin or 
its polysaccharide. 

DISCUSSION' 

The degradation of synovial fluid mucin or its polysaccharide, 
as catalyzed by the bacterial enzyme, mucinase, takes place in two 
distinct steps. The first step results in a loss of viscosity and 
change in precipitability with acetic acid. This is probably a 
depolymerization or disaggregation. The second stage liberates 
free amino sugars and reducing substances and is apparently a 
hydrolysis. Complete hydrolysis, howev^er, is not produced, for 
only 20 per cent of the total amino sugars and 70 per cent of the 
total reducing substances, as determined after acid hydrolysis, 
are liberated. Isolation and identification of the end-products 
will be necessary to describe adequately the action of the enzyme. 

Whether or not mucinase is a single enzyme catalyzing botfi 
stages of the destruction of mucin is not certain. The fact that 
all enzyme preparations examined had the same relation of reac- 
tion times of the two stages suggests that it is only one enzjme. 
The similar specificity of inhibitors also indicates a single enzyme. 
Howev'er, comparison of the destruction of mucin to the amylolysis 
of starch suggests the possible presence of two enzymes. The 
rapid loss of viscosity, the subsequent slower liberation of reducing 
substances, and the reversible inactivation of the mucinase reac- 
tion by dialysis are similar to amylolysis. Amylase preparations 
from malt or pancreas hav’'e no effect on synovial fluid mucin. 
However, mucinase causes a loss of viscosity of starch paste. The 
amylase causing the loss of vdscosity has been shown to be distinct 
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fiom that causing the liberation of reducing substances (9) 
Furthei attempts should therefore be made to separate the two 
aetivities of mucinase. 

The liberation of reducing substances from synovial fluid mucin, 
as catalyzed by mucinase preparations, is similar to the action of 
the autolyl.ic enzyme of pneumococcus on hyaluronic acid. 
I^uwevei, the chaiacteristics of the two OTizyniGS differ in several 
respects (Table IV). 

The attempt to demonstrate the presence of muemase in the 
joint effusions of patients with I'heumatoid or septic arthritis or 
in cultures of organisms known to be associated with joint diseases 
has not been successful. This does not, however, exclude the 

Table IV 


Comparison of Mucinase and “Autolylic Enzyme of Pneumococcus” 



Mueinaso 

Autolytio enzyme 
o! pneumococetis 
(3,4) 

Lj'sis of pneumococci 

None 

Irreversibly 

inactivates 

Inactivates 

^ ft 

t 

1 None 

3. 9-8.5 

■f 

Inactivates 

Reversibly 

inactivates 

Reactivates 

None 

Inactivates 
4.5-8. 0 

Effect of alcohol or acetone 

" “ iodine 

“ " arsenitc 

“ “ cyanide 

“ “ hydrogen peroxide 

pH range 



possibility that an enzyme causing a similar depolymerization is 
responsible for the degradation of mucin in pathological joints. 
It is interesting that Meyer el al, (4) have been able to isolate 
from the hemolytic streptococcus an enzyme which liberates 
reducing sugar’s from hyaluronic acid. This enzyme is endog- 
enous. We, however, have not been able to show mucinase 
activity even in those joint fluids heavily infected with virulent 
hemolytic streptococci. 

The results of other experiments on the modes of breakdown of 
mucin suggest two other mechanisms, in addition to the possible 
presence of an enzyme similar to mucinase, w'hich may take part 
in the metabolism of mucin both in normal and in pathological 
joints. The first stage of the breakdorvn of mucin is catalyzed 
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rapidly by ascorbic acid-peroxide (7) and very slowly by semm 
phosphatase.^ It is possible that one of these systems is responsi- 
ble for the catabolism of mucin. 

The specificity of mucinase is significant. It does not hydrolyze 
mucins from mucous membranes and glands, but does hydrolyze 
mucins formed by mesothelial tissues (umbilical, sjmovial, and 
connective tissue) as well as vitreous mucin, the histogenetic 
origin of which is unknown. This specificity suggests that the 
mucin extracted from connective tissue is identical with that of 
synovial fluid and gives further support for the concept that 
synovial fluid is formed, at least in part, by the connective tissue 
cells surrounding the joints (10). The fact that the mucins of 
the tissues so regularly involved in rheizmatoid arthritis are 
digested by mucinase suggests that the presence of mucin in these 
tissues is of fundamental importance in the localization of this 
disease. 


SUMMARY 

1. An enzyme (or enzymes), mucinase, may be isolated from 
broth cultures of Clostridium perfringens. 

Mucinase can be purified and concentrated 900-fold by adsorp- 
tion on calcium phosphate from a 50 per cent acetone solution. 

Mucinase causes loss of viscosity of solutions of synovial fluid 
mucin or of the prosthetic polysaccharide, and subsequent libera- 
tion of amino sugars and reducing substances. 

Mucinase is active in the pH range 3.9 to 8.5. The temperature 
coefiBcient is Kio 1.75. Inactivation takes place at 60°. Removal 
of salts causes inactivation which is reversible. Mucinase is 
inactivated irreversibly by cyanide, arsenite, or iodine. 

2. Mucinase is not peculiar to Clostridium perfringens but is 
present in varying concentrations in the broth cultures of several 
other microorganisms. 

3. Mucinase hydrolyzes also the mucins of vitreous humor, 
umbilical cord, and connective tissue, but does not hydrolyze 
the mucins from mucous membranes and glands. 

’ We are indebted to Dr. Thannhauser for the serum phosphatase which 
was a concentrated serum obtained from a dog with a ligated common 
bile duct. 
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The physiological fate of phenolphthalein in the organism, which 
is dealt rvith here, has been studied since the discovery by Vamossy 
(1) in 1901 of its action as a cathartic. In 1909, Fleig (2) remarked 
that, since there was an increased secretion of ethereal sulfates in 
the urine when phenolphthalein was given, the substance is 
probably eliminated as a sulfo-conjugue. In dogs a small part, 
he believed, seemed to be excreted as a glycuro-conjugue, but no 
endence was presented. In 1909, while looking for a cathartic 
which was soluble and which could be injected, Abel and Rown- 
tree (3) found conjugated phenolphthalein and conjugated phenol- 
tetrachlorophthalein in the bile and urine after injection of the 
simple substances into dogs. 

Later Fantus and Dyniewicz (4) were able to detect phenol- 
phthalein in conjugated form in both the blood stream and the 
urine after administration of the compoimd. With human beings 
they found only conjugated phenolphthalein in the urine when the 
doses taken were small (30 to 60 mg.), while with larger doses 
(300 mg.) free phenolphthalein w'as present in^ addition to the 
conjugate. In the same laboratory, blood serum taken at a time 
when conjugated phenolphthalein was present was used by Rosen- 
thal (5) in a study on the sensitization of animals to the substance. 

In the course of experiments on the sensitization of animals to 
phenolphthalein the present writer was led to the investigation 
of the nature, as yet not established, of the compound occurring in 
the serum and urine of animals treated with phenolphthalein. 

EXPERIMENTAL 

Rabbits and guinea pigs were treated as in the experiment of 
Rosenthal (5) by injecting colloidal phenolphthalein intramuscu- 
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larly or intracutaneously. Rabbits were injected with 25 ml. 
guinea pigs with 10 ml., of a 2 per cent solution prepared by the 
method of Fantus and Dyniewicz (6). 5 gm. of gelatin were dis- 
solved in 60 ml. of hot water, autoclaved, and combined mth a 
solution of 2 gm. of phenolphthalein in 60 ml. of 0.4 n sodium 


Table I 

Excretion of Phenolphthalein in Urine of Rabbits 


Each rabbit received, by intramuscular or intracutaneous injection, 
25 ml. of a colloidal solution, containing 500 mg. of phenolphthalein. 


Days after 
injection i 

Rabbit I. rntramuaoufar 

Rabbit II. Intramuscular 

Urine 

Free 

phcnol- 

pnthnlcin 

Combined 

phcnol- 

pnthalcin* 

Urine 

Free 

phenol- 

phthalein 

Combined 

phenol- 

phthalein* 


ml. 

mg» 

mg. 

ntU 

mg. 

mg. 

1 

0 



0 



2 

0 



0 



3 

140 

0.1 

16 

97 

0.2 

8 

4 

160 

0 

3 

0 



5 

100 1 

0 

2 

65 

0 

3 

6 

113 ! 

0 

0.4 

130 

0 

1 

Total recovered... 

0.1 

21.4 


0.2 

12 


Rabbit 

III. Intracutaneous 

Rabbit 

IV. Intracutaneous 

1 

0 



7 

0 

0.1 

2 

103 

0.01 

91 

81 

0.7 

220 

3 

0 



0 



4 

133 

0 

6 

25 

2 

5 

5 

80 

0 

5 

82 

0 

4 

6 

190 

0 

8 

40 

0 

0.3 

7 

40 

0 

1 




Total recovered. . . 

0.01 

111 


2.7 

229.4 


* Combined phenolphthalein in terms of its phenolphthalein content. 


hydroxide previously autoclaved. After mixing, the sodium 
hydroxide was neutralized by passing carbon dioxide over the 
surface until the color was just discharged. After injection by one 
of the two routes, each animal was placed in a metabolism cage 
and the dark colored urine was collected in bottles containing 
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toluene for 3 or 4 days. Table I shows the daily rate of excretion 
in such an experiment. 

It can be seen from Table I that at best only about 45 per cent of 
the phenolphthalein administered was recovered, indicating that a 
large proportion had been broken down. 

In the determination of free phenolphthalein, the urine was 
freed of protein by precipitation with acetone, which was then re- 
moved in vacuo. The resulting urine was extracted vith ether 
until the last extract gave no e\'idence of phenolphthalein. The 
combined extracts were filtered and the filtrate evaporated to 
dryness. The residue was taken up in a glycine buffer of pH 
10.2 and the color of the resulting solution was compared with 
knowm phenolphthalein solutions. 

After ether extraction of free phenolphthalein, the urine was 
acidified to Congo red with hydrochloric acid and shaken with 
several portions of ethyl acetate in order to extract combined 
phenolphthalein. Three or four extractions w'ere required to 
remove all the conjugate from the solution. The ethyl acetate 
extracts were pooled and filtered, and to estimate the phenol- 
phthalein present an aliquot portion was hydrolyzed with 2 n 
hydrochloric acid at 100° for 30 minutes to 1 hour. The color 
developed at pH 10.2 was compared with standards as above. 
The ethyl acetate extraction served to eliminate the highly colored 
constituents of the urine which would have interfered in the color 
comparison. 

The feces showed traces of free, but no conjugated phenolphtha- 
lein. 

In order to secure the phenolphthalein conjugate formed in the 
animal body, the urine of treated animals was freed of contami- 
nants, such as small quantities of feces, filtered, and stored in the 
ice chest under toluene until the quantity desired for processing at 
one time had been collected. It was then treated with 3 voliunes 
of acetone to remove protein, the flocculent precipitate being 
allowed to settle, and then filtered off. The acetone was evapo- 
rated from the filtrate under reduced pressure, the resulting fluid 
being dark brown. This was extracted with ether several times 
in order to remove free phenolphthalein. At the beginning of the 
w'ork the solution at this point was precipitated with lead ace- 
tate and the precipitate was eluted with neutral phosphate (pH 
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6 to 7) ; it was later found possible to omit this step. The fluid was 
acidified to Congo red with hydrochloric acid and extracted several 
times with ethyl acetate. The pale yellow extract was filtered, 
and then decolorized with charcoal. 

Since the substance was soluble in organic solvents only when 
in a strongly acid condition, it appeared to be acidic in nature. 
A strongly positive result with the naphthoresorcinol test indicated 
the presence of a uronic acid, 

A number of unsuccessful attempts were made to obtain a 
ciystalline derivative of the compound, several alkaloids and 
metallic salts being used. A crystalline salt was finally obtained 
by the use of cinchonidine, an alkaloid whose successful use in the 
separation and crystallization of a uronic acid derivati^'e had been 
reported by Heidelbergcr and Kendall (7). 

The decolorized solution of the phenolphthalein conjugate in 
ethyl acetate was mixed with an excess of cinchonidine dissolved 
in ethyl acetate. An amorphous precipitate appeared which began 
to crystallize after standing for a short time. The crystallization 
w'as completed by allowing the mixture to stand overnight at 
room temperature. The crystalline product 'ivas filtered off and 
washed with ethyl acetate. 

Purification of the product was made possible by the fact that 
in boiling dioxane a part of the material went into solution easily, 
while the rest was difficultly soluble. In this manner two fractions 
were obtained, an undissolved white residue and a pale yellow fil- 
trate, \vhich on cooling deposited minute prisms. These crystals 
seemed to be a mixture, since after being extracted with boiling 
w^ater the residue 3 delded, on crystallization from dioxane, a sub- 
stance resembling in all respects the cinchonidine compound de- 
scribed below. 

The relatively insoluble white residue ■was brought into solution 
by boiling with a large volume of dioxane. After six or seven 
recrystallizations from this solvent, the substance separated in 
long white needles grouped in sheaves. Further recrystallizations 
from absolute alcohol yielded very long, fine white needles. When 
heated rapidly, the crystals decomposed at about 190° without 
melting. 

When alkali was added to a water suspension of the crystals, no 
pink color was seen, but the solution became faintly yellow. How- 
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ever, when the material was heated with 2 n hydrochloric acid at 
100° for 30 minutes to 1 hour and then made alkaline, the typical 
phenolphthalein color was developed. When this pink solution 
was just decolorized with acid, and e.vtracted with ether, a sub- 
stance was obtained from the ether extract which crystallized from 
50 per cent alcohol, and had a melting point of 258.0-258.5°. A 
mixed melting point with phenolphthalein gave no depression. 

A naphthoresorcinol test on a water suspension of the ciystalline 
cinchonidine compound gave the ether-soluble purple color typical 
of uronic acids. This also gave an absorption in the yellow as with 
uronic acids. 

In order to obtain the phenolphthalein conjugate as a free acid, 
an acidified water suspension of the cinchonidine compound was 
extracted with ethyl acetate. The extract was filtered and evap- 
orated to dryness, giving a colorless gum. This was readily 
soluble in cold methanol, ethanol, ethyl acetate, dio.xane, and 
pyridine; slightly soluble in ether; insoluble in benzene or toluene. 
It was slightly soluble in cold, and soluble in hot water, separating 
on cooling as a colorless viscous mass. The water solution was 
distinctly acid to litmus. 

The conjugated phenolphthalein is hydrolyzed by acids, but 
resists boiling for 20 minutes in 4 K sodiiun hydroxide. Fehling’s 
solution and Tollens’ reagent are not reduced bj- the conjugate. 
If the solution is first h 3 "drolyzed nith dilute acid, both Fehling’s 
solution and Tollens' reagent are reduced in the cold. These two 
simple tests indicate that the linkage between phenolphthalein 
and the uronic acid is split by acid and involves the aldeh 3 ’’de 
group, which seems to point to a glycoside linkage. This is further 
confirmed by the fact that mutarotation was not obser\’ed. 

As a further test for this type of binding, enzyme h 3 'drol 3 'sis 
was empIo 3 'ed. Helferich (8) found that almond emnlcin splits 
those /3-glycosides whose sugar has the same configuration on the 
first 3 carbons as has ^-glucose. This does not, however, seem to 
appl 3 ' to /9-glucuronides, since Bergmann (9) could not h 5 ’-drol 5 ’ze 
/3-naphthol-fi-glucuronide with emulsin. In fact, Helferich and 
Sparmberg (10) stated that even though there was some evidence 
of splitting by this enzyme of f-menthol-/3-glucuronide, the action 
was not like that on the /3-glucosides. They suggested that some 
special enzyme is required to hydrol 3 ’ze /S-glucuronides. This 
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enzyme Masamune (11) found in an extract of ground kidney, and 
called j8-glucuronidase. s ^ 

With crude almond emulsin, traces of free phenolphthalein were 
liberated from the conjugate after 48 hours. On the other hand, 
the hydrolytic action of crude kidney extract was noticed in less 
than 30 minutes and was very strong after 3 hours. These experi- 
ments indicate that the linkage in conjugated phenolphthalein is 
of the j9-glucuronide type. 

In alkaline solution the conjugate has a yellow color. Early 
work on phenolphthalein derivatives showed that its monomethy] 
ether, when treated \vith an alkali, gives a yellow solution in con- 
trast to its dimethyl ether (12, 13). This and the above qualita- 
tive tests would appear to show the ciystalline compound to be the 
cinchonidinc salt of phenolphthalein-mono-^-glucuronide. 

The cinchonidine compound, crystallized from alcohol, was 
analyzed (a) after being dried in a vacuum at 80°; almost the same 
values (b) were obtained after recrystallization and drying at 80° 
in a high vacuum. The figures obtained correspond very closely 
to those required by a monoalcoholate, 

(а) 4.402 mg. substance; 10.900 mg. COi and 2.350 mg. HjO 

(б) 4.830 “ “ : 11.960 " “ “ 2.620 “ “ 

(c) 9.515 " " : 0.297 ml. Nj (761 mm. at 27°) 

C 4 »H«OnN,. Calculated. 0 68.49, H 5.6, N 3.55 

C4tH4«0nN5-C2H60H. '• ” 67.59, " 6.0, “ 3.36 

Found. (a) ” 67.53, (o) “ 6.0, (c) " 3.55 

" (5) " 67.53, (6) “ 6.1 

The alcoholate crystals were again crystallized from dioxane, 
somewhat prolonged boiling being required to dissolve them com- 
pletely. After the solution had stood overnight, a crop of crys- 
tals was obtained which differed from those of the alcoholate in 
that they were much more easily soluble in boiling dioxane. After 
recrystallization from dioxane, values corresponding to the cin- 
chonidine salt, combined with 1 mole of dioxane, were obtained.^ 

4.192 mg. substance: 10.270 mg. CO 2 and 2.330 mg. HjO 

C^eH^iOmNz. Calculated. C 68.49, H 5.6 

CeeHeAiNs-C^HsO*. “ " 67.09, “ 6.0 

Found. “ 66.80, “ 6.2 

1 The Pregl determinations for this paper were kindly performed by Dr. 
Elek in the laboratory of Dr. P. A. Levene. 
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The phenolphthalein content of the molecule was determined 
colorimetrically rvith the Zeiss Pulfrich photometer. A weighed 
sample of the alcoholate was hydrolyzed with 4 n hydrochloric acid 
at 100° for 1 horn’. This treatment was found sufficient to insure 
complete hydrolysis. The resulting solution was almost neutral- 
ized and extracted with several portions of ether. The ether ex- 
tracts were combined, evaporated to dryness, and the residue 
transferred to a volumetric flask with enough alcohol to make 20 
per cent of the final volume. 2 ml. of this solution were mixed 
with 2 ml. of a glycine buffer of pH 10.2 (14). Ck)mparison in the 
photometer with standard solutions of phenolphthalein similarly 
prepared in 20 per cent alcohol solution gave the following result. 

CisHijOiiN'j-CiHsOH. Calculated. Phenolphthalein, 38.1% 
Found. “ 39% 

A solution of the alcoholate was made in 80 per cent alcohol, in 
which it is more soluble than in absolute alcohol, by dissolving 
98.7 mg. of the crystals in 5 ml. of solution. The specific rotation 
was as follows: 

, ,34 “2. St® X 100 ,, , ... 

Wd = — ■ _ ' — = —64.6° (in 80% alcohol) 

** ^ 

The rotation remained constant over a period of 24 hours. 

The blood sera of treated rabbits and guinea pigs also contained 
a substance which gave the qualitative tests for the phenol- 
phthalein-monoglucuronide. 

The experiments described show' that phenolphthalein injected 
into rabbits and guinea pigs is eliminated as a glucuronide. No 
phenolphthalein sulfate was found in the ethyl acetate extract 
described above, which contained all the bound phenolphthalein. 
There was organically bound sulfate in the urine, i.e. girdng a 
barium precipitate only after hydrolysis with hydrochloric acid, 
but this contained no phenolphthalein. Also present in this fluid 
w’as a considerable quantity of uronic acid, not combined to 
phenolphthalein, detectable by the naphthoresorcinol test. 

SUMMAET 

Phenolphthalein injected into rabbits and guinea pigs is con- 
jugated with glucuronic acid. The conjugate was isolated from 
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the urine and crystallized as the cinchonidine salt, with 1 molecule 
of alcohol or dioxane of crystallization. The properties of the 
conjugate are described and it is shown to be phenolphthalein- 
mono-/5-glucuronide. 
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LETTERS TO THE EDITORS 


THE VITAMIN K ACTIVITY OF 4-AMINO-2-METHYL-1- 
NAPHTHOL AND 4-AMINO-3-METHYL-1-NAPHTHOL 

Sirs: 

Considerable interest has been manifested in potent water- 
soluble vitamin K preparations. Of the various compounds 
prepared in this laboratorj-, we find that 4-amino-2-methyl-l- 
naphthol and 4-amino-3-methjd-l-naphthol are the most prom- 
ising. As the hydrochlorides they are readih' soluble in water 
or saline solution and can be given either orallj’' or parenterally. 



■ 



Per cent 
clotting 
under 10 
xnia. 

Average 

clotting 

time 

: Chick 
! units per 

1 mg- 

Potency 
based on 
2-methyl- 
1,4- 

naphtbo*- 

Quinone 




1 


mtn. 


txniis per 

4-Amino-2- 



12 

58 

10.7 



methyl-1- 


0.45 

12 

83 

7.0 


1045 

naphthol* 

II 

0.35 

i 12 

33 

16.2 

i 




0.70 

1 12 

73 

13.8 

2468 

1234 


III 

0.40 

12 

42 

11.4 





0.65 

12 

6' 

8.6 


1370 


IV 

0.40 

10 

30 

18.0 





0.75 

10 

80 

6.1 


1225 


V 

0.40 

15 

29 

18.1 





0.60 

15 

50 

12.8 1 

2323 

1162 

Average (5 testsl . . 

2415 

1208 



■■■■■■■ 

■■■■■■■ 

j— —————— 


4-Ainino-3- 


0.9 

15 

53 




methyl-1- 


1.2 

15 

67 




naphthol* 


1.8 

15 

79 



784 


* Both compounds were administered orally in the form of their water- 
soluble hydrochlorides. 


The potency of the two preparations is given in the accompanjing 
table expressed as curative chick units and also in terms of the 
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standard 2-methyl-l,4-napIithoquinone. 4-Amino-2-methyl-l- 
naphthol is almost 3 times as potent as vitamin Ki.^ Clinically, 
the former has been found to give excellent results. Daily doses 
ranging from 3600 to 7200 curative chick units given intravenously 
restored to normal severe prothrombin deficiency of obstructive 
jaundice within 2 to 3 days. Infants have responded within 12 
hours to a dosage of 1800 units, as have dogs with severe pro- 
thrombin depletion induced by biliary fistula. 

Research Laboratories 
Parke, Davis and Company 
Detroit 

Received for publication, January 25, 1940 

•Emmett, A. D., Brown, R. A., and Kamm, 0., /. Biol. Chem., 1S2, 
467 (1940). 
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ON HYDROXYLYSINE 


Sirs: 

Structure — ^The follomng e%'idence, added to that previously 
published, ‘ indicates with some degree of probability that the 
diamino acid crystallized from gelatin* has one of the two fol- 
lowing structures, CH 2 (NH 2 )*CH(OH)-CH 2 -CH 2 -CH(NH 2 )-- 
COOH or CH 2 (OH).CH(NH;).CH 2 -CH 2 -CH(NH 2 )-COOH. 

Electrometric microtitration (by Ha. and K.) shows three 
buffer groups with pK' values of 2.20, 8.70, and 9.50. Lysine 
under the same conditions gave pK' values of 2.20, 8.90, and 10.28. 
The difference of 0.8 between the pK' values of the most alkaline 
buffer groups of the respective amino acids indicates that the 
hydroxyl group of the hydroxylj'sine is probably on the carbon 
adjacent to that bearing the most basic NH 2 group, which from 
comparisons with other amino acids is presumably the non-a NH 2 . 

If hydroxylysine is treated with an excess of periodate at pH 8 
to 12, there is an instantaneous consumption of 1 atom of oxj'gen 
from the periodate, with formation of 1 mole each of ammonia 
and of fonnaldeh 3 ’’de, which was isolated as dimedon compoimd.® 
According to Malaprade’ and Criegee’ it is characteristic of 
periodic acid to split a chain between 2 carbon atoms bearing 
respective!}’' OH and OH or OH and NH 2 groups, and Nicolet and 
Shinn® have recent!}’ confirmed this rule with the hydroxyaminh 
acids, threonine and serine. Our results ■with periodate therefore 
agree with the titration cun'es in locating the OH and one NH 2 
on adjacent carbons. The formaldehyde formation shows that 
one of these carbons is at the end of the chain; the NH 2 of the 
— CH(OH) — CH(NH 2 ) — group must accordingly be on either 
the terminal or the next carbon. 

* Van Slyke, D. D., Hiller, A., Dillon, R. T., and MacFadyen, D. A., 
Proc. Soc. Exp. Biol, and Med., 3S, 548 (1938). 

• Vorlander, D., Z. anal. Chem., Tl, 241 (1929). 

’ Malaprade, L., Bull. Soc. chim., 1, 833 (1934). 

‘ Criegee, R., Angew. Chem., 60, 153 (1937). 

‘ Nicolet, B. H., and Shinn, L. A., J. Am. Chem. Soc., 61, 1615 (1939). 
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Neither the titration cui-ve nor the composition of hydroxylysine 
preparations from acid solutions gives evidence of lactone forma- 
tion. The absence of lactone formation indicates the probability 
that the carbon chain is straight rather than branched. If there 
were a branch, either the OH or the adjacent non-a NHj would 
be attached to a carbon in the 7 position to the carboxyl, and 
lactone formation would be probable. 

Deterviinalion — The instantaneous formation of a mole ol 
ammonia by action of alkaline periodate is shown not only by 
hydroxylysine, but also by serine, threonine, and synthetic dl-^- 
hydroxyglutamic acid (obtained by courtesy of Dr. H. D, Dakin), 
and affords a simple analytical means of differentiating these 
hydroxyamino acids from those which do not have the 
— CH(NHi) — CH(OH) — group. To the amino acid mixture 
one merely adds periodate and saturated K2CO3 solution, and 
determines the ammonia by aeration in the urea apparatus of 
^^an Slyke and Cullen.® Cystine, tryptophane, and methionine, 
as shomi by Nicolet and Shinn,® also consume periodate oxygen 
They do not, however, yield ammonia. 

Work on tlie structure of hydroxylysine is being continued. 


Hospital of The Rockefeller Institute 
for Medical Research 
Ncio York 


Donald D. Van Slyke 
Alma Hiller 
Douglas A. MacFadybn 


Deparhnent of Biological Chemistry A. Baird Hastings 

Harvard Medical School ' Friedrich W. Klemperer 

Boston 


Received for publication, January 31, 1940 

» Van Slyke, D. D., and Cullen, G. E., J. Biol. Chem., 19, 211 (1914); 
24, 117 (1916). 



SEPARATION IN NEARLY PURE FORM OF LUTEINIZ- 
ING (INTERSTITIAL CELL-STIMULATING) AND 
FOLLICLE-STIMULATING (GAMETOGENIC) 
HORMONES OF THE PITUITARY GLAND 


Sirs: 

No satisfactorj’ method of separating pure or nearl 5 ' pure 
gonadotropic hormones from the pituitar}' gland appears to have 
been published in terms of the following requirements: (1) separa- 
tion occurs in a single stage without serious loss; (2) the biolo^cal 
potency and purity are established in hiTJophysectomized im- 
mature rats; and (3) there is physicochemical endence that the 
hormones are nearly pure. It is bebeved that the procedures 
outlined below, if rigidly followed, meet these requirements. 

Fresh whole pituitary' glands (hog) are fractionated to the last 
stage of a published method.* A salt-free aqueous solution of 
both hormones (protein N = 4.0 mg. per cc.) is half saturated 
with (NH<)2S0< and brought to an apparent pH of 4.2. The 
precipitate contains no acthity and is filtered. The protein in 
the filtrate is precipitated by (NH 4 ) 2 S 04 at 0.9 saturation, filtered, 
and dialyzed until free from sulfate. To 1 volume of the dialyzed 
solution of hormones are added 1 volume of 1 m acetate buffer, 
pH 4.41, and 2 volumes of 41 per cent Na^SOj.- The precipitate 
is almost pure luteinizing (interstitial cell-stimulating) hormone, 
whereas follicle-stimulating (gametogenic) hormone remains in 
solution. Luteinizing hormone is purified to a high degree by' 
repetition of this procedure until the dissolved protein nitrogen is 
constant (0.025 mg. per cc.). Follicle-stimulating hormone is 
relatively very soluble in the acetate buffer-sodium sulfate solution 
and is precipitated by adding about 40 gm. of (NH 4 )jS 04 to each 
100 cc. of filtrate. The precipitate is dialy'zed until salt-free. 
All the steps are repeated until a concentrated aqueous solution of 

* Chow, B. F., Creep, R. O., and van Dyke, H. B., Proc. Am. Physiol. 
Soc., Am. J. Physiol., 126, P 462 (1939); J. Endocrinology, 1, No. 4 (1940). 

* The solution must be kept in an incubator and pipetted while warm. 
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follicle-stimulating hormone is completely free from turbidity 
when 1 volume of acetate buffer and 2 volumes of sodium sulfate 
solution are added. 

In immature hy'-imphysectomized male rats a total dose of 
0.002 mg.3 causes a detectable gonadotropic effect; luteinizing 
hormone causes testicular hypertrophy and enlargement of the 
anterior prostate, whereas follicle-stimulating hormone causes 
only testicular enlargement. A dose of 0.360 mg.< of follicle- 
stimulating hormone is followed by no enlargement of the anterior 
prostate. Similarly 0.360 mg.^ of luteinizing hormone has no 
effect on the weight of the ovaries or uterus of hypophysectomized 
immature females. Definite ovarian hypertrophy is produced 
by 0.010 mg. of follicle-stimulating hormone but not by 0.002 
mg.; large doses of this hormone over a period of 10 days cause 
marked follicular growth with relatively slight change in the 
Aveight of the uterus. Histological studies are in progress. 

Solubility studies have been made with two solvents^ for 
luteinizing hormone and one® for follicle-stimulating hormone. 
There is no evidence of contaminating proteins if the concentration 
of solid phase is 5 times that saturating the solution, though an 
increase in the amount of protein nitrogen dissolved is observed 
if the solid phase is 100 times that necessary for saturation. 

We are under great obligation to Dr. John H. Northrop for 
advice. 

Division of Pharmacology It- 0. Creep 

The Squibb Inslilvtc for Medical Research H. B. v.4N Dyke 

hiew Brunswick Bacon F. Cho« 

Keccived for publication, February 15, 1940 

® All doses arc expressed as mg. of nitrogen; no potentiating agent was 
used. 

* Larger doses were not used. ^ 

‘ (1) 0.25 M acetate buffer, pH 4.41, containing 20.5 per cent IvajbU,; 
(2) 0.25 M acetate buffer, pH 4.41, containing 15.4 per cent Na 8 S 04 . 

* 0.0 saturation of (NH^hS 04 containing 0.15 m acetate buffer of pH 4.4d. 



THE ACTION OF FATTY ACIDS ON THE CHOLINE 
OXIDASE OF EAT LIVER 


Sirs: 

The relationship of choline oadase to fat metabolism is still 
not clear. The enzyme may prevent the accumulation of choline 
in the liver when phospholipids are being catabolized. On the 
other hand, if the enzyme is equally active at all times, it is diffictxlt 
to see how sufficient choline can accumulate for the synthesis of 
phospholipids from fatty acids. It seemed possible that fatty 
acids might inhib it, the activity of the o.^idase and, if so, that the 
concentration of fatty acid at any time would determine how 
much free choline would be oxidized and how much would be used 
for the synthesis of the phospholipids. 

The accompanying table shows the effect of stearic acid on the 
choline oxidase and other oxidases present in the standard rat 
liver preparation made by a method already described.^ The 

EJ'ect of 0.004 ^ Stearic Acid in Buffer on Actirily of Various Oxidases in 
Rat Liver Preparation 

2.0 mg. of each substrate were used in a total volume of 2.0 cc. in the 
Warburg vessels. p-Phenylenediamine was the substrate for the cj-to- 
chrorae oxidase, proline for the d-amino acid oxidase, and isoamylamine 
for the amine oxidase. The stearic acid was added before the substrates. 
0.05 M phosphate buffer, pH 6.7, 37°. 


Oddase 

Inhibition 

Choline 

61 

Succinic 

19 

Cytochrome 

' 13 

«?- Amino arid. . 

' 8 

Amine.. . . 

1 ° 



percentage of inhibition depends on the relative amounts of acid 
and enzyme. The choline oxidase is by far the most sensitive. 

' Bemheim, F., J. Biol. Chem., 133, 141 (1940). 
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As the concentration of stearic acid is increased, the succinoxidase 
is inhibited next and then the cytochrome oxidase. The d-amino 
acid and amine oxidase are inhibited significantly only by much 
larger concentrations. When stearic acid causes a 60 per cent 
inhibition, palmitic and oleic acids in equivalent concentrations 
cause 41 and 29 per cent inhibition respectively. The inhibition 
occurs only below pH 7.0, indicating that the undissociated acid 
is the active agent. The initial concentration of choline does not 
affect the percentage of inhibition. Fats such as olive and cod 
liver oils and a mixture of cephalin and lecithin are wthout effect. 

Department of Physiology and Pharmacology Frederick Bernheim 

Duke University School of Medicine 
Durham, North Carolina 

Received for publication, February 19, 1940 



CARBOHYDRATE CHARACTERIZATION* 


I. THE OXIBATION OF ALDOSES BY HYPOIODITE IN METHANOL 
n. THE IDENTIFICATION OF SEVEN ALDO-MONOSACCHARIDES 
AS BENZIMIDAZOLE DERIVATIVES 

By STANFORD MOOREf and KARL PAUL LINK 

(From the Deparlmenl of Biochemistry, College of Agriculture, University 
of Wisconsin, Madison) 

(Received (or publication, November 15, 1939) 

In the course of work in this laboratoiy on several benzimida- 
zoles of the carbohydrate series in 1936, observ^ation was made of 
their potential value as derivatives for carbohydrate identification. 
The general chemical and physical properties of the aldo-benzim- 
idazoles appeared to be remarkably superior, from the characteriza- 
tion standpoint, to those of hydrazones and osazones. The 
following procedure for aldose identification has been de'veloped 
to utilize the favorable properties inherent in this type of carbo- 
hydrate derivative. 

The general developmental investigation of methods for the 
preparation of aldo-benzimidazoles is to be treated separately in 
order to present concisely in this publication the working proce- 
dures for the identification of seven aldo-monosaccharides. Pre- 
liminary work has shown, in brief, that the direct oxidative 
condensation of aldoses 'with o-phenylenediamine, as first studied 
in 1887 by Griess and Harrow (1), even with the introduction of 
more recent approaches, fails to give satisfactory yields. The 

* Published n-ith the approval of the Director of the Wisconsin Agri- 
cultural Experiment Station. 

Abstracted from a thesis submitted by Stanford Moore to the Graduate 
Faculty of the University of Wisconsin in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy, June, 1938; Summaries of 
doctoral dissertations, Madison, 3, 191 (1938). 

t Stanford Moore is indebted to the Wisconsin Alumni Research Founda- 
tion for a fellowship in 1935-36 and to the Graduate Research Fund for 
assistantships for 1936-39. 
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condensation of carboxylic acids with o-phenylenediamine, how- 
ever, offers a patli whicli proves practical. It is from this approach 
that the following methods for the preparation of the carboliydrate 
derivatives in good yields have been realized. 

The procedure is based on the combination of (a) a potassium 
hypoiodite-methanol oxidation, and (6) the use of o-plienylenedi- 
arnine as reagent for the characterization of the resulting aldonic 
acids as benzimidazole derivatives according to the following 
equations. 


II 

cio 


(nioHin 

CH«OH 

Aldose 


/\ 


K) HjJNi 

CH,OH(CHOH)„C'^ + 

i'otTH!— N'\ J 


Aldonic acid o-Phenylenediamine 


Ni 


/\ 


/ 


CHs0H(CH0H)„0 

Aldo-benzimidazole 




I. The Oxidation of Aldoses hy Hypoiodite in Methanol 

For the efficient and rapid preparation of the aldonic acid salts 
to serve as intermediates in the formation of benzimidazoles, a 
procedure in which potassium hypoiodite in methanol solution is 
employed has been developed. In identification work on syrups 
from natural products we have found these conditions to provide 
the most convenient laboratory method for obtaining the desired 
oxidation. However, the products of the bromine-barium ben- 
zoate procedure given by Hudson and Isbell (2), the barium 
hypoiodite oxidation of Goebel (3), or, in general, any oxidation 
which yields aldonic acids* may be identified as benzimidazole 
derivatives. 

The potassium hypoiodite-methanol procedure has been de- 

» The presence of inorganic salts and organic impurities in aqueous 
syrups from natural sources generally renders it impossible to tube a ■ 
vantage of the efficient electrolytic method for pure aldoses developed } 
Isbell and Frush (4). 
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veloped as a simplification of existing methods by the elimination 
of several operations inherent in other techniques for carrying out 
the oxidation. The preparation of the potassium salt of gluconic 
acid in a single operation has been realized by introducing meth- 
anol as the reaction solvent for the hypoiodite oxidation, aldose 
I" -f 3KOH 2KI K aldonate -f- 2HiO. The glucose, 
iodine, potassium hydroxide, and potassium iodide are all soluble. 
As the reaction proceeds, the desired potassium gluconate precipi- 
tates in the form of anhydrous needles (yield 92 per cent, time 50 
minutes). Under the same conditions arabinose and galactose 
give good yields of the corresponding potassium aldonates. How- 
ever, when mannose, xylose, rhamnose, or lyxose is oxidized, little 
or no precipitate is formed because of the appreciable solubility 
of the potassium salts in the reaction solvent (methanol with 
about 2 per cent water). Practically complete precipitation of 
the aldonic acids which thus remain in solution can be accom- 
plished by the addition of a solution of barimn iodide in methanol. 
The barium salts obtained are amorphous, basic, and contain 
iodide. As intermediates for benzimidazoles, these crude basic 
salts, rapidly obtained in almost quantitative yields, have proved 
to be equally as satisfactory as pure barium or calcium salts pre- 
pared by longer procedures. 

The aldonic acids formed in the oxidation are therefore, in 
practice, isolated in two separate fractions. The insoluble po- 
tassium salts are obtained first. Addition of barium iodide to the 
filtrate from the potassium salts yields barium salts of the remain- 
ing aldonic acids. The partitioning of a 2 gm. sample of a given 
aldo-hexose (1.7 gm. of pentose) into potassium and barium salts 
is shown in Table I. It will be noted that the dhdsion is relatively 
sharp between glucose, galactose, and arabinose, and the sugars 
which precipitate predominantly in the barium salt fraction. In 
the identification of the aldoses as benzimidazole derivatives, use 
is made of this preliminary fractionation accomplished in the 
oxidation step. 

In order to determine the optimum experimental conditions for 
the oxidation, a series of trials on glucose was made involving the 
variables (a) aldose concentration, (b) ratio of iodine to aldose, 
(c) rate of potassium hydroxide addition, and (d) temperature. A 
glucose concentration of 1 to 2 per cent was adopted, together 
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with the use of twice the theoretical amount of iodine and alkali 
dropwise addition of the alkali over a period of about 20 minutps' 
and a temperature of 40°. ’ 

Ihe hypoiodite oxidation of aldose to aldonic acid is strictly 
quantitative only in solutions of lower sugar concentration than 
was used in this case. The increased carbohydrate concentration 
results in a small sacrifice in the accuracy of oxidation, as also 


Table I 

A Ida-M onosaccharides 



Fractional Distribution of Aldonic Acids* 


Aldoso 

Weight of 
sampio 

Ksalt 

Weight of 
Baselt 


am. 

ffm. 

per cent 

pm. 

Glucose i 

2.0 

2.4 

92 

0.4 

Galactose 

2.0 

1 2.2 

85 

0.8 

Arabinose 

1.7 

! 1.9 

83 

0.5 

Mannose 

2.0 

0.9 

30 

2.5 

Xylose 

1.7 

0.2 

8 

3.4 

Lyxose 

1.7 

0.0 


3.7 

Rhamnose'HsO 

2.0 

0.0 


3.9 


* The amount of water in the starting syrup, the presence of impurities, 
and the temperature of the solution at the time of filtration affect the 
exact extent to which the potassium salts crystallize. 


reported by Goebel (3) for the barium hypoiodite method. It has 
not been possible to detect any interference in the benzimidazole 
method from the trace of overoxidized aldoses present in the po- 
tassium and barium salt fractions. It has been readily possible, 
however, by means of the benzimidazole procedure to detect the 
small amount of overoxidation by hypoiodite in the case of a 
ketose (fructose), as will be noted in the next section. 

Acetone-free methanol is preferable as solvent but the content 
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of this impurity in commercial absolute methanol is frequently 
low enough (0.1 per cent) to cause no serious interference. A 
blank oxidation (no aldose present) on the given experimental 
scale should cause little or no precipitation. Under normal condi- 
tions a slight precipitate may form (50 to 70 mg.), a part of which 
is potassium or barium carbonate. Methanol may also contain 
reducing impurities which consume hypoiodite but give no pre- 
cipitable reaction products. The most practical control on the 
reagents is an oxidation on crystalline glucose which should give 
a 90 per cent jdeld of potassium gluconate. 

The operations involved in this oxidation can be conveniently 
performed on a smaller scale than given here for 2 gm. samples. 
On small quantities the reaction itself can be run in a centrifuge 
tube to minimize transfer losses. 

EXPERIMENTAL 

Sample for Oxidation — In testing the procedure on known 
crystalline sugars, prepare a concentrated sugar solution by dis- 
solving 2 gm. of aldo-hexose (1.7 gm. of pentose)- in 3 cc. of water. 
In the o.xidation of samples from natural products, concentrate 
the carbohydrate fraction to a syrup and make a WiUstatter- 
Schudel titration (5) on a few tenths of a gm. of this sjrup. 
Weigh out a sample equivalent to 2 gm. of aldo-hexose. If the 
syrup is thick, add 1 or 2 cc. of water to the sample with wanning 
imtil it flows readily. As an alternate procedure with dilute 
carbohydrate solutions, a volume of solution equivalent to 2 gm. 
of aldo-hexose can be taken and concentrated directly under 
reduced pressure to about 4 cc. 

Reagents — 

Absolute methyl alcohol (acetone-free). 

Solution of potassium hydroxide in methanol (40 gm. per liter). 

Resublimed iodine. 

Apparatus — A. 3-necked flask (500 cc.), equipped with a stirrer, 
thermometer, and dropping funnel, is half immersed in a water 
bath warmed by steam (hood). For filtration, a Buchner funnel 
is used in the center neck. 

Oxidation — ^Add 5.7 gm. of iodine and 80 cc. of methanol to 
the flask and stir for a few minutes. Warm the water bath to 

- The method of oxidation is also applicable to nronic acids and disac 
charides. 
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bring the methanol solution to about 40° and apply no more heat 
during the oxidation. 

Warm the sample to be oxidized (aldo-hexose content of 2 gm. 
volume of about 4 cc.) on a steam bath and dissolve in 25 cc. of 
methanol. Filter the solution (if not perfectly clear) by suction 
through asbestos directly into the iodine solution in the flask. 
Use decolorizing carbon if the sugar solution is dark. Rinse onto 
the filter with two 10 cc. portions of methanol. With pure aldoses 
the addition of methanol causes no precipitation and the solution 
is poured directly into the flask without filtration. 

As soon as the sugar has been added to the iodine and methanol, 
replace the stirrer and start the dropwise addition (over a period 
of 10 to 15 minutes) of 65 cc. of 4 per cent potassium hydroxide 


Table II 

Composition of Crude Potassium Salts 


UnpuriCed potassium 
ealta 1 

1 

M.p. 

[“]” 

PotBssiua 

[calculated 

Found 


•c. 

iegrett 


percmt 

i-Arabonic 

211 (with decomposition) 

-f4.5 


20.3 

d-Galactonic 

164 

-1-4.3 


16.9 

d-Gluconic 

180 “ “ 

-fll.O 

16.7 

16.8 


solution. Stir for 10 minutes and add dropwise 50 cc. more of 
potassium hydroxide solution. The final color of the reaction 
mixture should be a light straw-yellow, indicating removal of 
nearly all of the free iodine. A few more cc. of alkali may be 
added if the iodine color is still prominent. Stir for a final 10 
minutes. 

Potas^um Salts— BemoYe the flask from the water bath and 
cool to room temperature before filtering the potassium salts 
onto a thick paper on a Buchner funnel under gentle suction. 
Wash twice wth methanol and once with ether. Air-dry. In 
the characterization procedure, in order to eliminate the possible 
loss of a component acid in the process of recrystallization, the 
potassium salt fraction is used directly, without purification for 
benzimidazole preparation. The constants shown in a e 
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indicate the composition of the crude salts from arabinose, 
galactose, and glucose. Potassium carbonate is the principal 
inorganic impurity.^ 

Barium Saifs — Retmm the filtrate from the potassium salt 
precipitation to the reaction flask and add a solution of 5 gm. of 
barium iodide (dihydrate) in 25 cc. of methanol dropwise rvith 
stirring.'* Centrifuge the precipitated basic barium salts, wash 
twice -OTth CHjOH on the centrifuge, suspend in ether, and 
transfer to a Buchner funnel under slight suction. Air-dry for 
about 10 minutes and remove the final traces of solvents in a 
vacuum desiccator. If left in the air for too long a period the 
salts occasionally become hygroscopic. Analysis of the crude 


Table III 

Composition of Crude Barium Salts 


Crude barium ealta 

Barium 

Barium per mole 
aldfoee 


percent 

rwla 

d-Lyxonic 

37.9 

0.90 

d-Mannonic 

35.7 

0.95 

Z-Rhamnonic 

39.3 

1.02 

d-Xylonic 

39.6 

0.95 


salts (Table III) shows them to contain approximately 1 molecule 
of barium per molecule of aldose represented by the salt (calcu- 
lated in conjunction with the data on fractional distribution). 

* For preparatory purposes the pure potassium aldonates may be ob- 
tained by recrystallization of the unpurified salts from water (a minimum) 
and methanol or ethanol. 

* If no appreciable potassium salt precipitation occurs, filtration is 
omitted and the barium iodide is added directly to the oxidized solution. 
Also the barium iodide can be added before the oxidation if no potassium 
salt fraction is desired, as is the case when the oxidation is being used for 
preparative purposes on a known aldose such as mannose. With the 
barium added at the start, 2 gm. of mannose yield 4.1 gm. of barium salt. 
The barium precipitates obtained in this manner are fairly granular and 
filter faster than the somewhat gelatinous salts formed by the addition of 
barium iodide at the end of the reaction. The salts obtained by both 
methods show essentially the same composition. 
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Idcntijicaiion of Seven -Aldo-Monosocchandes 
Benzimidazole Derivatives 

Tlie 2-(aldo-po]yhydroxyalkyl)benzimidazole derivatives' are 
stable white crystalline solids, with sharp melting points and 
general chemical properties which make them specially suitable 
for identification work.® The fundamental operations involved 
in their preparation and isolation are simple and rapid. They 
can be prepared in 50 to 80 per cent yields by heating the aldonic 
acid with o-phenylenediamine, preferably in the presence of acid 
catalysts,^ The condensation is best carried out in most cases 
at an oil Imth temperature of 135° with the use of hydrochloric 
and phosphoric acids. (Xylonic acid requires a higher tempera- 
ture of 180° in the presence of zinc chloride.) In the isolation of 
the derivatives, advantage is taken of their slight solubility in 
water and dilute ammonium hydroxide, high solubility in aqueous 
hj’-drochloric acid, and insolubility in acetone and ether. Aqueous 
acid is also conveniently employed as the solvent in determining 
the specific rotations. 

In contrast to the behavior of many of the derivatives of carbo- 
hydrates, the benzimidazoles crystallize readily. Individual 
derivatives may be separated by fractional crystallization. 
Practical examples are the rapid identification of glucose and 
arabinose in the same sample, or mannose, galactose, and glucose 
occurring simultaneously. 

Two properties to be desired in an organic characterization 

' The imidazole structure for the carbohydrate derivatives was estab- 
lished by Hinsberg and Funcke (6) in 1893 and confirmed by Ohle (7) in 
1934. 

* It is interesting to note that Schilling (8) in 1901 wrote of the possible 
superiority of carbohydrate benzimidazoles over osazones as characteriza- 
tion derivatives but he was unable to utilize the idea because of the Ion 

yields. . 

’ In the preparation of a series of aldo-benzimidazoles for studies m 
the resolution of racemic acids, Haskins and Hudson (9) in 1939, completel} 
independently of our work, have employed the aldonic acid condensation 
(100° both wdth and without addition of HCl) to give good yields in a num- 
ber of cases. Their application of the benzimidazole from P-gluco- 
D-gulo-heptonolactone to the practical preparation of i-tartarie acid 
makes use of the crystallization properties of the salts of this type of hetero- 
cyclic base. 
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derivative are (1) a means for quantitative isolation and (2) the 
possibility of secondary derivative formation. The aldo- 
benzimidazole possesses both of these properties. The fact that 
benzimidazoles in general can be precipitated as copper salts 
from aqueous solution facilitates the isolation of the small amounts 
of derivatives which may remain in solution after direct crj’stalliza- 
tion. The benzimidazole is regenerated from the copper salt b}’’ 
the use of hydrogen sulfide. The potential value of this property 
of the benzimidazole nucleus in identification work is e^ndent. It 
means, for example, that nnth a sample containing a small amount 

Table IV 


Benzimidazole Derivatives of Aldo-Monosaceharides 


Carbobydratfi 

BenziiEudBzole* 

Hydrochloride 
j m.p. 

, Picratc ia,p. 

M.p. 



•c. 

desTus 

•c. 

•c. 

i-Arabinose 

235t 

+49.2 

230 

158 

d-Galactose 

245t 

+43.3 

202-204 

217t 

d-Glucose 

215 

+9.6 

180 

203f 

d-Lyxose 

189 

-12.8 

191 

95-99 

d-Mannose 

227t 

-22.0 

101-150 

205f 

1-Bhamnose 

207 

+27.4 

173-175 

168 

d-Xylose 

224 

+64.8 

200-202 

191 


* All melting points are uncorrected. The rotations were taken in 5 
per cent citric acid solution with c = 2 (approximately), 
t With decomposition. 


of glucose in the presence of a relativel}” large quantity of ara- 
binose, the gluco-benzimidazole in the mother liquors will be re- 
covered by copper salt precipitation and will not escape detection. 

Secondary derivatives of the benzimidazole nucleus can be 
prepared by making crj^stalline acid salts which protnde third and 
fourth constants for identification. The hydrochlorides and 
picrates are readily obtained and in general have characteristic 
melting points which are lower than those of the parent base. 

When three or four of the constants have been taken on any 
aldo-benzimidazole in Table IV, the identity of the derivative is 
known beyond any question of doubt. This accuracy fills a need 
in carbohydrate chemistry which an osazone, or an}' other single 
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derivative, does not satisfy. The two constants (m.p. and 
[ain) which can be taken on a hydrazone or osazone are limited 
in accuracy, as those who have worked with them well know, by 
anomalous melting behavior and by mutarotation of the difficultly 
soluble derivatives in the colored solutions which they give in 
pyridine and alcohol. The aldo-benzimidazoles are free from 
these disadvantages. In the case of the benzimidazole derivatives 
it is not necessary to resort to description of crystalline habits as 
a means of identification. 

The chemical properties of the benzimidazole nucleus which 
contribute to its value as a tool for characterization are best 
made apparent by the experimental detail of the identification 
procedure. 


Aldo-monosaccharides* 


Oxidation 


h + KOH 


K salts 


Ba salts 


o-Phenylonc- HCI-HjPO 
diamine 135° 


Benzimidazoles 
from glucose, 
arabinose, 
galactose 


o-Phenylene- HCl-HjPO, 
diamine 135° 


i 

Benzimidazoles 
from mannose, 
rhamnose, 
lyxose 


HCl-ZnCl, 

180° 

Benzimidazole 
from xylose 


* This schematic presentation of the procedure is to be considered in 
connection wdth Table I of the potassium hypoiodite-methanol oxidation 
method, which gives the partitioning of aldonic acids between the two salt 
fractions. Not indicated in the diagram, for instance, is the fact that while 
90 per cent of the benzimidazole from a pure glucose sample will appear in 
the potassium salt fraction, the residual 10 per cent is also detectable in the 
barium salt fraction. 


EXPERIMENTAL 

Condensation with Gluconic Acid — A specific example of aldo- 
benzimidazoie preparation is of illustrative value. Calcium 
gluconate is a convenient starting product. To 2 gm. of 
Ca gluconate -HzO (0.009 mole of gluconic acid) in a test-tube, 
add 1.1 gm. (0.01 mole) of o-phenylenediamine, about 4 cc. of 
water, 1 cc. of ethanol, and 1.7 cc. (0.02 mole) of concentrated 
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hydrochloric acid.® Warm until in solution, add a boiling chip, 
and heat for 2 hours on an oil bath kept at 135° ± 5°. The tube 
should be immersed to about the level of the contained solution. 
During the 1st hour water boils off to leave a thick syrup in which 
bubbling gradually ceases during the 2nd hour. Remove the 
tube from the bath and whUe still warm dissolve the sjTup in 
about 10 cc. of water, add carbon, filter through asbestos, dilute 
the filtrate to about 30 cc., and make alkaline with ammonium 
hydroxide. Crystallization is usually rapid. When it is com- 
plete, filter and wash the crystals with water, acetone, and ether. 
The yield of gluco-benzimidazole (m.p. 215°) is 1.7 to 1.9 gm. 
(70 to 80 per cent of theory). 

Condensation from Potassium Salts — ^For the identification of 
the aldonic acids present in the potassium salt fraction of the 
potassium hypoiodite-methanol oxidation, 1 gm. of potassium 
aldonate is added to 0.6 gm. of o-phenylenediamine, 0.8 cc. of 
concentrated HCl, 0.4 cc. of syrupy H3PO4 (sp. gr. 1.7), 2 cc. of 
water, and 1 cc. of ethanol. Carry out the condensation as given 
above for Ca gluconate. Use 5 cc. of water to dissolve the syrup 
and crystallize from a volume of approximately 15 cc. 

If the tube is too large in reference to the size of sample, the 
small syrupy residue may spatter on the wall of the tube and fail 
to undergo complete condensation. To avoid this, in experiments 
with small quantities, the addition of a few tenths of a cc. of 
diethylene glycol at the start of the reaction has been found helpful 
in insuring smooth condensation. 

When the starting products are relatively pure aldoses, crystal- 
lization of the resulting benzimidazoles is usually rapid. The 
yield is 0.7 to 0.9 gm. (60 to 80 per cent of theory). K crystalliza- 
tion is slow, leave the flask in a refrigerator for 12 hours.® In the 
absence of crystals, filter off any trace of amorphous precipitate 

• With calcium salts good jdelds are obtained without the use of phos- 
phoric acid in addition to hydrochloric. If phosphoric acid is used the 
, calcium must be removed first to prevent the formation of a calcium phos- 
phate precipitate when the reaction mixture is made basic. 

’ If too large an excess of ammonium hydroxide has been- added, am- 
monium phosphate may crystallize from the reaction mixture. If removed 
by filtration, the crystals dissolve readily when washed with water and 
offer no interference. 
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^yhich may have formed and extract the filtrate with ether three 
times to remove unreacted e-phenylenediamine. Mother liquors 
from a first crystallization are also submitted to ether extraction.^ 
Evaporate the extracted solutions nearly to dryness. Take 
up in a few cc. of water and filter off any water-insoluble crystals. 
They may represent a first crop or a second crop from the mother 
liquors. 

Copper Salt Precipitation~To the filtrates, from which excess 
ammonia has thus been removed by the evaporation, add a cupric 
ammonia solution prepared by suspending 10 gm. of cupric 
acetate (monohydratc) in wmter, adding sufficient NH 4 OH to give 
a clear solution, and diluting to 100 cc. Estimate approximately 
the amount of benzimidazole in the mother liquor and add about 
20 cc. of cupric ammonia solution per gm. of benzimidazole. If a 
benzimidazole is present, a heavy green precipitate forms. Warm 
tlie mixture on a steam bath for 6 to 10 minutes with an air jet 
directed on the surface of the solution to insure complete pre- 
cipitation (removal of excess NH^OH). Transfer to a tube and 
wash with water three times on the centrifuge. Suspend the 
washed salt in 4 to 5 times its volume of 3:1 water-alcohol, 
decompose with hydrogen sulfide, heat and aerate, centrifuge 
while warm, and decant from the copper sulfide through a carbon- 
asbestos pad under suction. 

The benzimidazoles in the filtrate (usually a few tenths of agm.) 
thus are separated from practically all contaminants and crystal- 
lize readilj'’ upon concentration of the solution by evaporation. 
After the evaporation add 1 or 2 drops of NH 4 OH to insure 
alkalinity. 

Condensation from Barium Salts — Weigh out a sample of 
barium salt equivalent to about 1 gm. of aldo-hexose (approxi- 
mately 2 gm. of salt in the absence of contaminants), suspend in 
10 cc. of water in a centrifuge tube, add phenolphthalein, and 
neutralize by the addition of dilute HCl. To the neutral solution 

10 With unknowns it is frequently of value to transfer the ether extract 
to a tared evaporating dish for determination of the weight of ether- 
extractable solids. The recovery of o-phenylenediamine thus estimated 
gives an indication of the amount which has undergone reaction. A con- 
densation of potassium gluconate (1 gm.) as above yields an ether e.vtract 
of 0.1 gm. (theoretical excess of o-phenylenediamine added, 0.14 gm.p 
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add 0.8 cc. of concentrated HCl and precipitate the barium ion 
(approximately 0.5 cc. of 1:1 concentrated sulfuric acid-water). 
On the basis of drop tests, adjust the solution until it shows a 
slight excess of barium. An excess of sulfuric acid is to be avoided. 
Centrifuge, decant through a filter, and evaporate the filtrate 
(steam and air) to about 4 cc. Transfer to a test-tube (using 
ethanol in washing) containing 0.7 gm. of o-phenylenediamine. 
Add 0.5 cc. of HsPOi and condense as in the case of the potassium 
salt. If foaming occurs during the early part of the condensation, 
a few drops of ethanol may be added to wash down the material 
on the sides of the tube by reflux. 

In working up the condensate, at the time of addition of NH 4 OH, 
filter the solution rapidly through a carbon-asbestos pad within a 
few seconds after the addition of ammonia in order to remove the 
amorphous precipitate which may form. If the filtration is not 
performed rapidly, the relatively insoluble benzimidazole of 
mannose may begin crystallization during the filtration. On 
direct crystallization, the yields are 0.7 to 0.8 gm. (50 per cent of 
theory) of benzimidazole per gm. of aldose involved. Extract 
the mother liquors with ether and work up by the copper salt 
procedure to obtain the derivatives remaining in solution. 

Condensation at 180 ° — Under the above conditions at 135° 
xylonic acid yields little or no benzimidazole derivative. Comple- 
tion of the condensation can be accomplished at 180°. The 
difference in reactirity of the individual aldonic acids toward 
o-phenylenediamine can therefore in this case be used for the 
purpose of separation. The solution obtained by decomposition 
of the copper salt with HiS contains the water-soluble intermediate 
reaction product with o-phenylenediamine of any xylonic acid 
present. The solution is evaporated to a thin syrup as usual to 
permit crystallization of any benzimidazoles of other aldoses 
present. 

Transfer the syrup to a test-tube and, for an estimated 0.5 
gm. as the possible xjdose content,'^ add 0.5 cc. of concentrated 
HCl and 0.3 gm. of zinc chloride (preferable to HaPO^ in this case). 

” This estimate (1, 0.5, 0.25, etc., gm.) of the xylose content, if any, for 
the purpose of determining the approximate amounts of reagents to be 
added, can be roughly made on the basis of the amounts of benzimidazoles 
of other aldoses already isolated and pentose tests on the original sample. 
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Place on the oil bath at 135“ and raise the temperature over a 
period of 45 minutes to 180° =t 5° and hold at that temperature 
for 1 hour. Take the condensed syrup up in water as usual and 
decolorize. The addition of NH 4 OH causes precipitation of zinc 
benzimidazole salts and zinc hydroxide, both of wWch are soluble 
in^ excess NH4OH. But in this case it is preferable to add a 
minimum of NH 4 OH, remove the excess by heat and air as in the 
copper procedure, pass H 2 S directly into the resulting zinc salt 
suspension, heat, and centrifuge while warm. Decant from the 
zinc sulfide through a filter, and free from hydrogen sulfide. 
Xylo-benzimidazole, if present, crystallizes during concentration 
of the filtrate. Add 1 or 2 drops of NH 4 OH at the end of the 
evaporation. In this procedure, 1 gm. of xylose in the original 
sample will yield about 0.4 gm. of benzimidazole. The yield is 
higher (0.7 gm., 50 per cent) if the 180° condensation is run 
directly on the barium salt udthout the intermediate steps in- 
volved above. In the absence of appreciable quantities of other 
aldonic acids in the barium fraction, the direct high temperature 
condensation can be run on a separate sample of barium salt. A 
weight equivalent to 1 gm. of aldose is taken, which is 2 gm. in 
case of the usual salt, neutralized, 1 cc. of concentrated HCl added, 
and the solution freed of barium and condensed with 0.7 gm. of 
o-phenylenediamine and 0.5 gra. of zinc chloride, as given above, 
at 180° for 1 hour.^^ 

Behavior of Fructose — This ketose has been carried through the 
benzimidazole scheme to determine what reactions, if any, it 
undergoes. We do not present the following data as an efficient 
method for fructose identification but as information of value in 
the application of the benzimidazole procedure for the identifica- 
tion of aldoses to a natural product also containing fructose. 2 
gm. of fructose, when put through the potassium hypoiodite- 
methanol oxidation, yield practically no precipitate in the potas- 
sium salt fraction. A barium salt precipitate of 2.9 gm. is ob- 
tained which gives a strong Seliwanoff’s test for fructose. Con- 
densation of this barium salt fraction by the same procedure given 

« The benzimidazoles which form readily at 135® are not all stable at 
the higher temperature of 180®. Therefore xylo-benzimidazole is at pres- 
ent the only product of the 180® condensation which possesses characteriza- 
tion value. 
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for aldoses produces considerable charring during the period of 
heating. The acidic filtrate from the first decolorisation is almost 
black. The addition of NH<OH precipitates the dark impurities 
as a tar which is removed by the filtration of the a lk a l i n e solution 
to ^ve a final clear filtrate. On standing, or during the process 
of ether extraction, the filtrate deposits a small amoimt (0.1 gm.) 
of crystals and concentration of the solution yields a second crop 
(0.1 gm.) of the same product (m.p. 235-236°, [a]^ — —51°, 
hydrochloride m.p. 229°, picrate m.p. 158°). The compound thus 
proves to be d-arabo-benzimidazole. 

It can be stated, therefore, that the presence of fructose does 
not interfere with the isolation of aldo-benzimidazoles. It has no 
effect on the potassium salt fraction and the unchanged fructose 
in the barium salt undergoes decomposition in the presence of the 
mineral acids to give hydroxymethylfurfural and other products 
which, either as such or in condensed forms with o-phenylene- 
diamine, are readily removed from the benzimidazoles by the 
alkaline filtration. The only precaution to be taken is in the 
interpretation of the isolation of d-arabo-benzimidazole. Since 
Z-arabinose is the form which usually occurs in nature, the cases 
for possible confusion are rare. But if the d form of arabinose is 
present in appreciable quantity in a natural product, the corre- 
sponding derivative will be reacfily identified from the potasaum 
salt fraction. The problem of whether a small amount of crystals 
of d-arabo-benzimidazole present in the products from the barium 
salt condensation may have come from d-arabinose, d-fructose, 
or both, should prove solvable in conjunction with pentose and 
ketose tests on the sample and the methylphenylhydrazine 
reaction. 

The isolation of the pentose derivative from a ketose indicates 
that o.xidation of the terminal CH;OH — CO grouping has taVpn 
place to some extent during the hypoiodite oxidation. Pure 
fructose (unoxidized), when submitted to the condensation condi- 
tions uith o-phenylenediaiiune and HGI-H3PO4, gives no d-arabo- 
benzimidazole. 

Recrystallization — ^The aldo-benzimidazoles can be recrystal- 
lized and fractionated from hot water. The relative solubilities 
may be indicated by giring the approximate volume of hot water 
required to recrystallize 1 gm. of the given derivative. For 



308 Carbohydrate Characterization 

lyxo-benzimidazole 15 cc. are required, for gluco- 20, rhamno-30 
xylo- 40, manno- 100, and arabino- and galacto- about 200. In 
recrystallizing the last three derivatives it is preferable to use l;l 
ethanol-water in which they are more than twice as soluble as in 
water alone. With these less soluble derivatives it is also con- 
venient in some cases to suspend the derivative in a small volume 
of hot water, to add dilute HCl until the benzimidazole is in 
solution, filter, and add NH4OH to the reheated filtrate. It is 
always satisfactoiy to use HGl in the first recrystallization but 
for a sample being crystallized for specific rotation or analysis no 
acid should be used, since this treatment may not remove small 
amounts of acid-soluble, alkali-insoluble impurities. 

Analyses — ^The rhamno, lyxo, and xylo derivatives (Table V) 
have not been reported in the previous literature (1, 7, 9). 

Table V 


Analyses of Rhamno, Lyxo, and Xylo Derivatives 


Bonzimidazolo 

Nitrogen (Dumas) 


Calculated 

Found 


per cent j 

percent 

i-Rhamno- 

11.11 

11.0 

d-Ly.xo- 

11.77 

11.8 

d-Xylo- 

11.77 i 

11.8 


Preparation of Picraies — Suspend about 100 mg. of pure aldo- 
benzimidazole in 1 cc. of water and add an equal weight of picric 
acid (containing 15 per cent "water). If the picric acid salt does 
not completely dissolve when the mixture is warmed, add ethanol 
dropwise. Cool, filter the crystals on a small Buchner funnel, 
and wash with water. When the starting benzimidazole is pure, 
the melting point of the picrate is usually correct without further 
purification. If required, recrystallize from water and ethanol. 
In all cases, especially with semimicro quantities, a reasonably 
accurate weigliing of the benzimidazole and its picric acid equiva- 
lent is desirable. , 

Preparation of Hydrochlorides— Ho 15 mg. of pure aldo-benzi- 
midazole in a 3 cc. centrifuge tube, add 0.1 cc. of dry HCl m 
absolute ethanol (about 10 per cent HCl by weight). On slight 
warming the benzimidazole dissolves and may almost simul- 
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taneously crystallize out as the hydrochloric acid salt. If crystal- 
lization occurs at this point, stir for a few minutes to insure com- 
plete reaction. To the solution (or crystal suspension) add 0.5 cc. 
of acetone. If necessary, cool with scratching to induce crystal- 
lization. In some cases the further addition of 1 cc. of ether may 
be required. Wash the h 3 'drochloride (centrifuge) ndth 0.5- cc. 
of acetone followed by 0.5 cc. of ether, and air-dry. The hydro- 
chlorides can be recrystallized from ethanol and acetone. The 
melting points of the hydrochlorides of most benzimidazoles are 
sharp and are usually lower than the melting point of the parent 
base. The manno salt, as obtained, is hydrated and shows a 
characteristically low melting range. Gluco-benzimidazole h 3 ’'dro- 
chloride, CeHiyOsNsCl, calculated. Cl 11.66; found, Cl 11.7. 

Specific Rotations — ^Benzimidazoles dissolve in aqueous acids 
to give colorless, non-mutarotating solutions (in contrast to 
osazones). Hydrochloric acid (1 to 5 x) has been used by others 
(7, 9) as solvent. In order to avoid repeated use of HCl with- 
polariscope tubes and accessories, we have considered it preferable 
to choose a non-corrosive acid. A 5 per cent aqueous solution of 
citric acid has been adopted for the benzimidazole rotations 
reported here. The solution of citric acid is filtered through 
sintered glass before being used as solvent for the rotations and 
it is checked ([aJn = 0.00°) to be sure that it is free from optically 
active impurities. 

It is to be noted that the rotation observ'ed in citric acid may 
not be identical mth the value obtained in a different acid solvent. 
Galacto-benzimidazole, for example, gives a specific rotation of 
43.3° in citric acid and 44.4° in hydrochloric. With gluco- 
benzimidazole the difference is negligible (in citric acid, 9.6°; 
in hydrochloric, 9.4°). 


DISCUSSION 

The fact that the benzimidazole procedure is not now applicable 
to aldo-disaccharides and ketoses and has not yet been studied 
with all aldo-monosaccharides places a limit on its present range 
of use. The practical value of the benzimidazole derivatives can 
be utilized directly for the seven aldoses presented here and in 
other cases may prove of value in supplementary relationship 
irith other characterization reactions in the sugar group. Ex- 
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tension of the benzimidazole procedure is being made to include 
additional aldoses, membei-s of the uronic acid series, and the 
characterization of naturally occurring aldonic acids in the 
presence of aldoses. The operations in the procedure can be 
conveniently carried out on a smaller scale than that given here 
and a description of the detail of semunicro application is in 
preparation. 

In the hydrazone and osazone reactions the purity of the sugar 
sample and of the hydrazine reagent is a major factor in deter- 
mining satisfactory results. It is of practical significance that 
in general the benzimidazole reaction is much less sensitive to the 
presence of impurities. We have not yet encountered crude 
aldose syrups from which the benzimidazoles so far studied could 
not be prepared in satisfactory yields. It may be mentioned, also, 
that the reagent for the benzimidazole reaction is more con- 
venient to liandle than phenylhydrazine. o-Phenylenediamine is 
a solid, and commercial preparations can be used without further 
purification. . 

The separation of carbohydrate components from oxidizable 
and non-oxidizable materials which may be present in a natural 
sample is accomplished in certain cases by the hypoiodite-methanol 
oxidation. In general, the addition of methanol and filtration 
into the reaction flask may remove methanol-insoluble impurities 
from the aldoses. As the oxidation proceeds, the precipitation 
of the salts of the aldonic acids, in turn, separates the carbohydrate 
portion from methanol-soluble material. Impurities may be 
present in some instances which will tend to come out as gums on 
the salt fractions. It has been observed that lead acetate clarifica- 
tion of the original aldose sample may remove contaminants of 
this type. Organic acids, if present, may also precipitate as 
potassium or barium salts. In the identification procedure, the 
benzimidazole derivatives resulting from most aliphatic and 
aromatic acids are soluble in alcohol and ether and therefore can 
be separated from the carbohydrate derivatives which are all 
relatively insoluble in these two solvents. 

SUMMARY 

A method has been developed for the hypoiodite oxidation of 
aldoses to aldonic acids in methanol. High yields of the potas- 
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Slum or barium aldonates are obtained in one operation by pre- 
cipitation from the reaction mixture (yield 90 per cent or over, 
oxidation period 50 to 60 minutes). This oxidation procedure 
has been developed not as a preparational method for chemically 
pure aldonic acid salts but efficiently to proxdde satisfactory salts 
to serve as intermediates in a method of aldose identification based 
on the characterization of the component aldonic acids as benzi- 
midazole derivatives. 

The condensation of aldonic acids with o-phenylenediamine to 
give 2-(aldo-polyhydroxj'’alkyl)benzimidazoles has been developed 
as the basis for a systematic procedure for the identification of 
seven aldo-monosaccharides in natural products. The chemical 
and physical properties of the aldo-benzimidazole derivatives 
have been found to be remarkably superior, from the charac- 
terization standpoint, to those of hydrazones and osazones. A 
description has been given of the preparation, properties, and use 
of these derivatives in the characterization of arabinose, galactose, 
glucose, lyxose (if naturally occurring), mannose, rhamnose, and 
xylose. 
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A SMAIX APPARATUS FOR EXTRACTING 
URINARY ANDROGENS* 

Bt CHARLES R. NETERVAL 

(From the Department of Biochemistry, Marquette Unicersity School of 
Medicine, Mihcauhee) 

fReceived for publication, December 7, 1Q39) 

A series of clinical studies in progress in this laboratory has 
necessitated a large number of hormone extractions. Using the 
various apparatus available at the present time, vre experienced 
no particular difficulty with any of them when only a limited 
number of experiments were desired. However, decided difficul- 
ties arose when large scale determinations were attempted. 

GaUagher, Koch, and Dorfman (1) used a large apparatus m 
extracting androgens from human urine by the use of benzene, 
lu making biological assays to determine the androgenic activity 
they used the intramuscular injection method on capons, which 
required a large amoimt of the extract. Fussganger (2) described 
a comb inimction assay for androgenic activity in capons. Zim- 
merman (3) described a colorimetric reaction for the determina- 
tion of hormone content in the urine. Oesting and Webster (4), 
using the Fussganger method and the Zimmerman reaction, 
roughly correlated these two methods. Callow, Callow, and 
Emmens (5) made a thorough investigation of the colorimetric 
method for the measurement of the 17-ketosteroids. They found 
that the biological activity of androgens is associated with the 
ketonic fraction of extracts of hydrolyzed urine. From these 
facts they justified the use of the colorimetric reaction for esti- 
mating the excretory transformation products of male hormones. 

In the clinical study imdertaken we are using the colorimetric 
method as modified and improved by the above authors (5). 
These colorimetric findings were verified at frequent intervals by 

* Aided by a grant from the Schering Corporation, Bloomfield, New 
Jersey. 
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using the inunction method of assay on capons. Since in either 
the colorimetric method or the inunction assay only a compara- 
tively small amount of the extract is necessary, there seemed 
to be a place for a small extractor which not only would be as 
elRcient as the large apparatus but would adapt itself to easier 
handling and require smaller amounts of urine. The extractor 
therefore allows experimental work on smaller animals than have 
been used up to the present time. 

The apparatus developed in this laboratory is essentially a 
modified Soxhlet extractor, the change consisting mainly in bring- 
ing the siphon tube to a level high enough to permit the extraction 
fluid to drain back into the flask below. 

A Pyrex extraction apparatus No. SSSOM^isused (Fig. I) with a 
300 ml. flat bottom flask (A) fitted to an extractor jacket (50 X 250 
mm.) (B) by a ground glass joint. As previously mentioned, the 
siphon tube (C) reaches a level about 5| inches above the base of 
the extraction jacket. In the place usually occupied by the 
extraction thimble a funnel arrangement is inserted which allow 
the condensate to run from the delivery tube of the condenser to 
the bottom of the extractor jacket. From there the fluid rises 
in a continuous stream of finely divided globules through the 
material to be extracted. We use two means to accomplish this 
necessarily fine dispersion of extraction liquid. One means con- 
sists of fusing a sintered glass disk to the lower end of the funnel 
tube {E). This disk is obtainable as a gas filter tube (Jena glass 
filters, pattern No. 33c, porosity GO). A simpler and more 
economical way consists in using a thistle tube (F) for the funnel 
and attaching to it an Aloxite brand aeration stone, cone-shaped 
and of coarse grit (No. N8D2, Carborundum Company, Niagara 
Falls). It was found that a stiff paste made of glycerol and 
litharge will fasten the stone permanently. Should the tube be 
broken, the residual glass can be removed from the hole in the stone 
by mechanical means and a new thistle tube sealed in. The stone 
disperser is less costly and obviates the necessity of expert glass 

work. ^ 

The extractor jacket is fitted by a ground glass joint to a Fried- 
rich type condenser (Z>) in which the delivery tube is cut or 


1 Fisher Scientific Company, Pittsburgh. 
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cMpped to about one-quarter of its original length. Tbis is done 
in order to give the inner funnels greater height, thereby increasing 
the hydrostatic pressure oi the fluid within the funnel, which in 
turn accelerates the flow of the extracting fluid. 



The apparatus can be obtained in four sizes, 50, 85, 200 ml., 
and an extra large size of 500 ml. (No. 3880M, Fisher Scientific 
Company, Pittsburgh). It is likely that the 50 ml. and 85 ml. 
volumes will be found too small. The 200 ml. size is being used 
in our present work and is entirely satisfactory. It is large enough 
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for about 250 ml. of urine, the exact amount depending on thp 
method used for hydrolysis. 

We have verified the findings of Gallagher, Koch, and Dorfman 
(1) and find that the treatment of a hydrolyzed urine sample in a 
continuous extractor for a period of 3 hours with benzene results 
in a complete removal of all androgenic material. The efficiency 
of our extractor was studied by comparison with the Koch con- 
tinuous extractor (6). The respective recoveries are presented 
in Table I. 

It will be seen that the small extractor shows the same efficiency 
in less time (2| hours) than is required by the Koch method. It 
W’as found that an extraction period of less than 2| hours did not 


Table I 

Comparison of Maximum Yields of “Slerone" 


Koch conlinuoua extractor (3 bra.) 

i 

Extractor described (2} fare.) 

1 

mff, per U 

mg. per 1, 

1.08 

1.35 

3.02 

3.00 

3.03 

3.33 

3.11 

3.00 

2.16 

2.26 

2.15 

i 2.20 

11.84* 

! 11.76* 

1 


* 5 day urine sample. 


give the maximum yield. It has been estimated that from 1200 
to 1500 ml. of benzene pass through the volume of urine used 
in about 2f hours. 

infile we are using benzene in the present work, studies in 
progress in this laboratory indicate the advisability of using 
ether. 

The practicability of this simple extractor has been verified by 
clinical results which will be published later, in an extensive series 
of clinical studies made in collaboration with Dr. Walter J • 
Kearns, Department of Urology, Marquette University School of 
Medicine. 

SUMMARY 

A small extraction apparatus for hormone work is described. 

The advantages claimed lie in the simplicity of construction and 
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the increased efficiency in performance and handling. The cost 
is much lower than that of other apparatus designed for such work 
and all parts are interchangeable. 

Our thanks are due to the Schering Corporation, to Dr. Max 
Gilbert of the Schering Corporation for the supply of experi- 
mental androgens, to Dr. Walter M. Kearns of the Department of 
Urology for his aid and close cooperation, and finally to Dr. 
Joseph C. Bock, Director of the Department of Biochemistry, 
Marquette University School of Medicine, for advice and encour- 
agement. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 

X. TH£ phospholipid TimHOVER OF FRATERNAL TUMORS* 

By H. B. JONES, I. L. CHAIKOFF, and JOHN H. LAWRENCE 

(From the Division of Physiology of the Medical School and the Radiation 
Laboratory, University of California, Berixley) 

(Received for publication, January 25, 1940) 

Radioactive phosphorus was employed in a recent study to 
determine the rate of phospholipid turnover in four types of 
transplantable tumors: a mammary carcinoma, a lymphoma, a 
lymphosarcoma, and Sarcoma 180.^ From the rate at which 
labeled phospholipid is deposited after the administration of 
P”, it was concluded that the phospholipid metabolism of tumors 
bears a greater resemblance to that of the more active tissues such 
as hver and intestine than to that of the less active tissues such 
as muscle or brain. A uniform phospholipid activity^ per gm. 
of tissue, however, was not found in the four types of tumors in- 
vestigated. The mammary carcinoma and the lymphosarcoma 
showed the highest phospholipid turnover; in these, phospholipid 
activity was at least twice as great as that observed in Sarcoma 
180 and lymphoma. 

Two explanations may be offered for the differences observed 
in the phospholipid actmty of these tumors: (1) each tmnor may 
have a characteristic phospholipid metabolism, or (2) the 
phospholipid activity of a tumor may be the result of effects pro- 
duced upon the host by the tumor itself. In the latter case the 

* Aided by a grant from the Daziau Foundation for Medical Research. 
The assistance furnished by the Works Progress Administration (Official 
Project No. 65-1-08-62, Unit A6) is gratefully acknowledged. 

‘ Jones, H. B., Chaikoff, !. L., and Lawrence, J. H., J. Biol. Chem., 128, 
631 (1939). 

’ The term phospholipid activity refers to the percentage of administered 
labeled phosphorus found in the form of phospholipid. Throughout this 
study activity per gm. is recorded. 
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observed differences in phospholipid activity would merely r^ 
fleet the alterations in the phosphorus metabolism of tlie tosf 
In order to determine whether the phospliolipid activity of a 
tumor is a primary characteristic of that tissue or whether it « 
secondary, i.e. induced by the host, a new type of tumor inoeula- 
tion was devised, in which two or three separate varieties of 
neoplastic tissue were permitted to develop simultaneously in a 
single mouse. For the purpose of the present study different 
neoplasms growing side by side in the same animal are referred to 
as fraternal Iwnors. 


EXPERIMENTAL, 

The number of animals used and their treatment are summarized 
in Table I. Mice of the A strain were used throughout. Tumois 
were produced by inoculation of tumor particles by the trochar 
method, Eacli animal received transplants of two or three types 
of neoplastic tissues. In the case of double inoculations, both 
axillary regions were employed. In the animals in which three 
types of tumors were permitted to develop simultaneously, inocu- 
lations were made in the nape in addition to both axillae. 

Double inoculations of the following combinations of fraternal 
tumors were effectively grown in the same mouse; (1) mammary 
carcinoma and lymphosarcoma, (2) lymphoma and lymphosar- 
coma, (3) mammary'’ carcinoma and lymphoma. Sarcoma 180, 
which was included in the previous report, was not investigated, 
since it takes poorly in the A strain of mouse. In the fo'st three 
groups of animals recorded in Table I, double inoculations were 
employed. 10 days after transplantation, each tumor appeared 
as a small nodule weighing less than 0.1 gm. The growth curves 
of the tumors grown under the present conditions of double 
inoculation did not differ from those previously observed when 
each tumor was grown separately.^ Phospholipid activities of 
these neoplastic tissues were determined at an early age, 11 to 
15 days after inoculation. When excised, the tumors had at 
tained weights of 0.08 to 0.62 gm. and were present as solid masses 
of tissue that showed neither necrosis nor cystic degenerations^ 
At this early age, evidence of metastases such as enlarged lymp 

nodes and spleen was not found. 

In a single group of animals, triple inoculations were employea. 
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Tumors' growing under such conditions appear at 10 days as small 
nodules weighing less than 0.1 gm. Observations on a group of 
sixteen mice with triple transplants were made for as long as 16 
days after inoculation and during this time their growth and de- 
velopment resembled those found when each tumor was grown 

Table I 


Summary of Tumor Experiments 


Group and Fiff. No. 

« 

s 

a 

i 

s 

*o 

d 

Z 

Weight of 
jnicet 

0.60 zng. 

P £3 

NsiHPOi 
iniected 
per moti«e 

TumoTB inoculated 

Symbol In chart 

Tumor 

Initial 

eample 

Final 

sample 

o 

be 

c 

c 

a 

0 

1 

o 

> 

<5 

Volumo 

*C 

1 

o 

u 

< 

ll 

O > 

> '' 
< 

a 

te 

< 

O'ti 

S “ 



cm. 


mL 




dcyt 

gm. 

dayt 

er,. 

1 

36 

20-23 

21 

BUgil 

6 


• 

11 

oWiH 

13 

0.21 




















o 

11 

0.18 

13 

0.35 

2§ 

22 

18-23 

21 


5 

tt 

© 

13 

0.27 

15 

0.48 







Lsmphoma 

o 

13 

0.60 

15 

0.62 

3§ 

30 

21-27 

23 


5 


• 

11 

0.15 

15 

0.36 




















o 

11 

0.33 

15 

0.60 

4|1 

4 

27-29 

28 


2 


• 

25 

0.62 

26 

0.63 




















o 

25 

0.72 

26 

0.70 







L 3 'mphoma 

o 

25 

0.55' 26 

0.55 


* Mice approximately 3 months of age and of both sexes were used. The 
phospholipid activities recorded were apparently independent of the sex 
of the host. 


t At the time of P” administration. 

J Activities standardized against uranium. 

§ Gross evidence of metastases was not found. 

|j Metastases had developed as shown by enlarged spleen and lymph 
nodes. 

separately.^ The group of mice recorded in Fig. 4/ however, suf- 
fered from intestinal disturbances soon after being inoculated 
with tumor transplants, and in these mice the development of 
the tumors was somewhat retarded. The tumors did not reach 
a visible size until 15 to 17 days. But all animals used made a 
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complete recovery and the tumors continued to develop, attaimn. 
weights of 0.55 to 0.72 gm. 25 days after inoculation. EnlargeS 
lymph nodes and spleen (le. evidence that the lymphoma was 
metastasizing) were found in these animals. 

Each mouse received intrapentoneally 0.2 cc. of an isotonic 
solution of radioactive NasHPO^ containing 3 mg. of phosphow 
per cc. Tile animals were sacrificed at various intervals thereaftet 
and the tumors removed for analysis. The treatment of the neo- 
plastic tissues has been recorded elsewhere. For the e.\-tractioa 
of lipids from tumors weighing less than 0.5 gm. specially adapted 
Soxhlet apparatus of thimble size were used. The manner in 
wiiich the piiospholipids were isolated and their radioactivity 
determined has been described previously.^ All values shown in 
Figs. I to 3 represent averages of five or more separate analyses, 

Results 

Double Inoculations of Matnmary Carcinoma and Lymph' 
sarcoma — The values shown in Fig. 1 were obtained under condi- 
tions in which both tumors were developing simultaneously in a 
single mouse, the former in the right side of the animal and the 
lymiphosarcoma in the left. In the previous report^ dealing mth 
the phospholipid metabolism of these neoplasms, bilateral inocu- 
lations of a single tumor type were employed. Thus, in bott 
studies approximately the same mass of neoplastic tissue was 
exposed to 0.6 mg. of labeled phosphorus. 

The phospholipid activities of mammary carcinoma and lym- 
phosarcoma are in very close agreement in animals in which these 
tumors are growing side by side (Fig. 1). This is shown not only 
by the maximum values attained in relation to the time after the 
administration of radioactive phosphorus but also by the genera! 
shapes of the curves (Fig. 1). A close resemblance in phospho- 
lipid activities of these two tumors was also observed when they 
■Were grown separately in mice.* 

In the case of single type inoculations,* mammary carcinoma at- 
tained its highest phospholipid activity about 10 hours after the 
injection of radioactive phosphorus; at this time about 1 per cent 
of the administered labeled phosphorus 'svas deposited as phos- 
pholipid per gm. of tissue; at the 50 hour interval the amount of 
labeled phospholipid deposited was still not far from the maxi- 
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mum. These time relations were not strikingly altered when this 
tumor was grown beside lymphosarcoma in the same mouse (Fig. 
1). Thus Fig. 1 shows maximum depositions of labeled phos- 
pholipid between 10 and 30 hours after the administration of 
radioactive phosphorus; at these times approximately 0.8 to 
0.9 per cent of the administered labeled phosphorus was present 



INOCULATION HOURS AFTER ADMINISTRATION 

Fig. 1. The labeled phospholipid content per gm. of mammary carci- 
noma and lymphosarcoma in doubly inoculated mice. The ordinates 
represent the per cent of administered phosphorus found as phospholipid 
per gm. of tissue. Each point is the mean of five or more separate deter- 
minations on as many mice. The broken lines are the growth curves for 
the tumors. • phospholipid content of mammary carcinoma, O phospho- 
lipid content of lymphosarcoma, ■ weights of excised mammary carcinoma, 
Q w'eights of excised Ijunphosarcoma, 

in each gm. of mammary carcinoma. Values close to the maxi- 
mum were also found at the 50 hour interval. 

The phospholipid activities of lymphosarcoma may be like- 
tvise compared. In general, similar activities were observed 
whether this type of tumor was permitted to develop in both 
axillary regions* or whether, as in the present study, it was con- 
fined to one side of an animal in which mammary carcinoma was 
grotving in the other. 
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DoiiUe InocuMions with Lyniphomrcoma and Lymphonm~h 
the previous study, in wliich a single type of tumor was permitted 
to invade each animal, it u^as found that lymphosarcoma ivas 
more tlian twice as active as lymphoma.^ That the characteristic 
lihospliohpid metabolism of each tumor is retained when both 
are growing in the same animal is shown in Fig. 2. Phospholipid 
activities of both tumors in the same animal were studied at three 



Fig. 2. The l.-ibeled phospholipid content per gm. of lymphosarcoma nai 
i 3 ’mphorna in doubly inoculated mice. The ordinates have the same mean- 
ing as for Fig. 1. Each point is the mean of five or more separate deter- 
minations on as many mice. The broken lines represent the growth of the 
tumors. O phospholipid content of lymphosarcoma, O phospholipid 
content of Ij’mphoma, 0 weights of excised Ij^mphosarcoma, □ weights of 
Ij'mphoraa. 

intervals after the injection of radioactive phosphorus, 11, 25, 
and 50 hours. Ffaximum activities for both tumors w'ere found 
at the 25 hour interval, but at this time 0.83 and 0.47 per cent 
of the administered labeled phosphorus was present in the form 
of phospholipid in each gm. of lymphosarcoma and lymphoma 
respectively. 

Datable Inoculations with Mammary Carcinoma and Lymphovia- 
Fig. 3 was obtained from tumors removed from thirty mice, 
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each of which contained a lymphoma in the right axillary region 
and a mammary carcinoma in the left axillary region. The con- 
tent of labeled phospholipid was determined in these tumors at 
12.5, 29, 49, and 99 hours after the administration of radioactive 
phosphorus. In these doubly inoculated animals, the rate of 
turnover of labeled phospholipid was approximately twice as great 
in the manamary carcinoma as in the Ijnmphoma. Maximum 



Fig. 3. The labeled phospholipid content per gm. of mammary carci- 
noma and lymphoma in doubly inoculated mice. The ordinates have the 
same meaning as for Fig. 1. Each point is the mean of five or more separate 
determinations on as many mice. The broken lines represent the growth 
of the tumors. • phospholipid content of mammary carcinoma, O phos- 
pholipid content of lymphoma, ■ weights of excised mammarj' carcinoma, 
□ weights of excised lymphoma. 


activities for both tumors were found between 10 and 50 hours 
after the administration of radioactive phosphorus, but at the 
highest point 0.82 per cent of the injected labeled phosphorus was 
contained in each gm. of mammary carcinoma, as compared with 
0.43 per cent per gm. of lymphoma. At the 99 hour interval, 
mammary carcinoma contained 0.42 per cent of the radioactive 
phosphorus in the form of phospholipid and lymphoma 0.16 
per cent per gm. of tissue. These values, observed vmder condi- 
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tions in which both tumors were present in the same anima! 
correspond closely with values previously found under condition 
in which each neoplastic tissue was grown separately.^ It is of 
further interest to note here that the phospholipid turnover of 
niammaiy carcinoma grown beside a lymphosarcoma (Fig. ij 
is in good agreement with the turnover found for this same tumor 
grown beside a lymphoma (Fig. 3). 



Fig. 4. The labeled phospholipid content per gm. of mammary carci- 
noma, lymphosarcoma, and lymphoma in triply inoculated mice. The 
ordinates have the same meaning as for Fig. 1. Each point is the mean of 
two separate determinations on as many mice. The symbols have the 
same meaning as those shown in Figs. 1 to 3. 

Triple Inoculations xrith Mammary Carcinoma, Lymphoma, and 
Lymphosarcoma — Mice in which all three tumors had developed 
simultaneously were injected with Na 2 HP 04 containing radioac- 
tive phosphorus, and their phospholipid activities determined at 
two intervals thereafter, 13 and 37 hours. Fig, 4 shows that the 
relative phospholipid activities observed above, when each animal 
contained two of these tumors, are roughly maintained under t e 
present conditions, in which all three tumors had simultaneous y 
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developed in the same host. Thus the lowest activities at both 
the early and the late hour were found for lymphoma. At the 
37 hour interval, 0.25, 0.9, and 0.68 per cent of the administered 
labeled phosphorus was found in each gm. of lymphoma, lympho- 
sarcoma, and mammary carcinoma respectively. 

Comment — ^The present investigation focuses attention upon 
an interesting feature of neoplastic tissues. Each trimor main- 
tains a characteristic phospholipid turnover whether grown 
singly or grown in the presence of two or three distinctly different 
types of tumors in the same animal. The fact that a lympho- 
sarcoma, a mammary carcinoma, and a lymphoma failed to show 
identical rates of phospholipid turnover,’ despite their exposure 
to the same host and hence to the same metabolic environment 
throughout their whole development, suggests that the phospho- 
lipid turnover of a tumor is not determined by the metabolism 
of the host. Although the indi^^duality of the phospholipid 
metabolism of each type of tumor is thus established, it should 
nevertheless be noted that the possibility of the host’s modifying 
the characteristic phospholipid turnover of a tumor is not 
ruled out. 


BUMMAHY 

A method of tiunor inoculation that permits the growth of two 
and three types of neoplastic tissues under identical metabolic 
environment has been employed for comparing the phospholipid 
activities of a mammaiy carcinoma, a lymphoma, and a lympho- 
sarcoma. It is shown that each tumor possesses a characteristic 
phospholipid turnover which is apparently independent of the 
host. 

’ The turnover of total radioactive phosphorus has been measured and 
found to be quite similar in these three tumors. 




THE CONVERSION OF PALMITIC ACID INTO STEARIC 
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The properties of the depot fats of animals depend, to some 
extent, upon the nature of the dietary fats. Thus it was shown by 
Anderson and Mendel (1) that feeding of highly unsaturated oils 
results in the deposition of a body fat of high iodine number, 
whereas the administration of “hard” fat in the diet leads to a 
decrease in the iodine number of the depot fats. Recently 
Longenecker and Hilditch (2-4) have carefully reinvestigated this 
problem and they conclude that this change in the composition of 
the depot fat is due to the direct deposition of indimdual dietarj” 
fatty acids. 

The effect of variation in diet upon the composition of the depot 
fat is limited, however, by the fact that all animals have a ten- 
dency to reproduce a depot fat with properties characteristic of 
their species. There are three types of biological reactions which 
may be responsible for this reproduction of the specific fatty 
acid mixture; (1) continuous synthesis and simultaneous de- 
struction of fatty acids, (2) selective deposition of such fatty 
acids as are required and destruction of such dietary fatty acids 
as are present in excess or are not normal to the depot, (3) inter- 
conversion of one fatty acid into another. 

In regard to the first of these mechanisms, the e\'idence for the 

* This work was carried out with the aid of grants from the Rockefeller 
F oundation and the Josiah Macy, Jr., Foundation. 

t Columbia University Fellow, 1939-40. This report is from a thesis 
submitted by DeWitt Stetten, Jr., in partial fulfilment of the requirements 
for the degree of Doctor of Philosophj* in the Faculty of Pure Science, 
Columbia University. 
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Palmitic Acid Conversion 

formation of fatty acids from carbohydrates and proteins is too 
well known to require comment. Evidence for the continuous 
and unexpectedly rapid synthesis and destruction of depot fatty 
acids in normal animals on fat-free diets has recently been ad- 
duced, with the aid of deuterium (5). The second type of reac- 
tion, selective deposition, has been studied chiefly with respect to 
fatty acids of low molecular weight, which normally form only a 
minor component of the depots. It has been repeatedly showi 
(6) that fatty acids of 10 or less carbon atoms are not appreciably 
laid down in the depots, even when administered in large amounts 
in the diet. 

The present paper deals mainly with the third mechanism; 
namely, the interconversions of fatty acids in the animal body. 
While there is some indirect evidence for the existence of sucli 
reactions, direct proof has been lacking. Such proof is not pos- 
sible by any of the classical types of balance experiments, for the 
simultaneous interconversions of fatty acids will alter the com- 
position of the depot fat only in so far as their rates are at vari- 
ance. Measurements of variation in the amount of one or 
another fatty acid in the depots of animals on various diets are, 
at best, measurements of the difference between rate of appearance 
and rate of disappearance. As long as this type of evidence alone 
is adduced, neither the absolute rate of formation nor the pre- 
cursor of the compound studied may be considered determined. 
Proof of the occurrence of such reactions may at present be ob- 
tained only if a “tracer atom/' known to be stably attached 
originally to a molecule of one fatty acid, is recovered stably bound 
to a molecule of another fatty acid. 

By this method it has recently been established that certain 
interconversions of fatty acids do occur in the animal body. 
By labeling stearic acid with deuterium, Schoenheimer and Ritten- 
berg have been able to follow the fate of this compound in mice 
after its administration in the diet. In a series of papers (7-12) 
they have described the preparation of stearic acid containing 
deuterium, and the results of the feeding of its ethyl ester. In- 
vestigation of the deuterium content of various fractions of the 
depot fat of the animals thus fed showed that the bulk of the test 
substance was absorbed, that a portion was degraded, as evi- 
denced by the presence of deuterium oxide in the body water, and 
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that another portion was stored as unchanged stearic acid in the 
depot. Part of the stearic acid was proved to have been degraded 
to palmitic acid (12), and part to have been desaturated (10). 
The reverse process, namely the hydrogenation of the double bonds 
in unsaturated fatty acids, was also shown to have occurred in the 
animal body (11). 

In these earlier experiments, however, the diet contained con- 
siderable amounts of the test substance, and the possibility had to 
be considered that the conversion of the test substance into various 
products was an abnormal response to the enrichment of the diet. 
It was suggested, however, that the reactions that were observed 
to occur in the above experiments also took place in normal ani- 
mals on normal diets (13). 

In the earlier experiments (7), stearic acid was employed as a 
starting material because of the availability of unsaturated 18- 
carbon acids which could be reduced in an atmosphere of deu- 
terium to the desired product. Recently, however, it has become 
possible to prepare the entire series of fatty acids labeled with 
deuterium by treating the corresponding normal fatty acid at 
about 130° with heavy water, platinum, and a trace of alkali, in a 
bomb tube (14). The deuterium thus introduced by exchange 
into the fatty acid molecule is “stably bound;” i.e., it is not re- 
moved by any of the common reagents or reactions tried thus far, 
such as hot mineral acid, hot alkali, hydrogen-platinum catalyst 
at room temperature, sodium-ethanol reduction. 

In the present experiment the test substance was deuteropal- 
mitic acid containing 22.4 atom per cent deuterium. It was ad- 
ministered as the ethyl ester in a concentration of only 0.56 per 
cent of the diet. In order to insure an adequate supply of a. vari- 
ety of normal fatty acids, 6.4 per cent butter was also incor- 
porated in the diet. From the quantity and deuteriiun content 
of the test substance, and from the amount of normal, non-iso- 
topic palmitic acid known to occur in butter, it may be calculated 
that the mean deuterium content of the mixed dietary palmitic 
acid was 5.7 atom per cent. 

Three growing male rats were used as test animals, growing 
rats being employed in preference to adult animals because of 
their ability to absorb and deposit fat rapidly. The diet was 
offered to therd ai libitum for 8 days, and the animals were then 
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killed. The lipids isolated from the livers and from the remainder 
of the carcasses were fractionated by methods that have been pre- 
viously described from this laboratory (10, 12). 

Inlroduclion of Dietary Fatly Acids into Depot and Livcr-Ql 
the deuterium fed as palmitic acid at least 92 per cent was found 
to have been absorbed and 44 jier cent was recovered in the fatty 
acids of the_ depot fat. The higli rate of deposition of dietary 
fatty acid is in close agreement with previous experiments in which 
fatty acids tagged with deuterium were fed to mice (9). 

In the present experiment, the palmitic acid was administered 
as its ethyl ester. It is known, however, that dietary ethyl esters 
do not result in the deposition of any ethyl esters in the body 
fat (15). It is, therefore, necessary to assume either that new 
neutral fats were symtliesized from the fatty acid of the diet, or 
that fatty acid molecules of the diet had replaced others already 
present in triglycerides in the depots. 

In addition to the presence of deuterium in the depot fat, rela- 
tively high deuterium concentrations were found in the fatty 
acids of the liver. Both the saturated and unsaturated fatty 
acids of this organ -were found to have deuterium concentrations 
about 2.5 times as great as the corresponding fractions of the depot 
fat. This is in accord with the findings of Barrett, Best, and Rid- 
out (16), who also found, after feeding deutero fats, that the liver 
fatty acids were richer in isotope than those of the rest of the 
carcass. 

The total fatty acids of the carcass, containing 0.50 atom per 
cent deuterium, were fractionated, and several individual fatty 
acids were isolated (Table I). In procedures dealing ■withthe 
conversion of an isotopic compound. A, into another compound, 
B, special precautions must be taken to insure that any isotope 
found in Compound B is not due to contamination with Compound 
A. As the various fatty acids are difficult to separate completely, 
and as traces of deuteropalmitic acid had to be considered as 
likely contaminants of each of the other fractions, “washing out 
procedures, previously described from this laboratory (10, 12), 
were instituted vvherever feasible. 

Deposition of Dietary Palmitic Acid — As will be seen in Table 1, 
the fatty acid of the carcasses that was richest in deuterium was 
palmitic acid. This was to be expected, and is in accord wth the 
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previous finding (10, 12) that u-hen deuterostearic acid was fed 
the carcass stearic acid contained a higher concentration of deu- 
terium than any of the other fractions. If the deuterium content 
of the palmitic acid of the carcass be compared with that of the 
dietary palmitic acid, it will be found that 1.38/5.7 = 0.24, or 
about per cent of all the palmitic acid in the carcasses was derived 
from the direct deposition of dietary palmitic acid. Since, according 
to Longenecker (3) about 20 per cent of the 30 gm. of fatty acid 
isolated from the carcasses should have been palmitic acid, about 
1.4 gm. of dietary palmitic acid were thus deposited. 

Table I 

Deulerium Conlenl of Fatty Acids Isolated frotn Carcass Fat of Rats 
Fed Deuteropalmitic Acid 


The mean deuteriiim content of dietary palmitic acid was 5.7 atom per 
cent. 


Fatty add 

Denterium 

Palmitic 

aicm ptrecnl 

1.38 

Stearic 

0.53 

Mixture of myristic and lauric 

0.32 

Palmitoleic 

0.36 

Oleic 

0.06 

Linoleic 

0.02 



In addition to its occurrence in significant concentration in the 
carcass palmitic acid, deuterium was also found (Table I) in 
several other fatty acids. 

Conversion of Palmitic Acid into Stearic Acid — ^The sample of 
stearic acid isolated from the depot contained 0.53 atom per cent 
deuterium, or about 38 per cent of that found in the carcass 
palmitic acid. This finding eliminates the possibility that the 
palmitic acid was first degraded to small fragments, such as 
acetaldehyde, and these subsequently recondensed to form an 18- 
carbon chain. In such a series of reactions, the bulk of the deu- 
terium would have been lost, first, during the oxidative degrada- 
tion, second, by exchange of deuterium with the normal hydrogen 
of the body water, and third, by dilution with the normal hydrogen 
required to reduce the double bonds that would result from aldol 
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condensations. The high deuterium content of the stearic acid 
must be taken as evidence for the direct elongation of the 16- 
carbon skeleton of palmitic acid to the 18-carbon chain of stearic 
acid, by the addition of 2 carbon atoms. Further experiments on 
this reaction and its biological mechanism will be presented in a 
subsequent paper. 

Degradation of Palmitic Acid to Acids of Lower Molecular Weight 
— Part of the dietary palmitic acid was degraded to acids of lower 
molecular weight, chiefly myristic and possibly lauric acids. The 
deuterium content of this fraction (Table I) is 23 per cent of that 
found in the carcass palmitic acid. 

This finding is analogous to that described in an earlier experi- 
ment (12), in which, after the ingestion of large quantities of 
deuterostearic acid, deuteropalmitic acid was recovered from the 
carcass. It was taken as direct experimental confirmation of the 
theory of Knoop (17) and Dakin (18) that fatty acids are de- 
graded by a process of one-sided /3 oxidation. 

Desaturation of Palmitic Acid to Palmitoleic Acid — In 1906, an 
unnamed 16-carbon acid containing one double bond was iso- 
lated by Bull (19) from cod liver oil and herring oil. This was 
claimed by Griin (20) to be identical with the homologue of 
oleic acid described by Hofstadter (21) in 1854 as present in sper- 
maceti. The compound was named palmitoleic acid by Lewko- 
witsch (22), and its structure proved by Toyama (23) to be 
Ag , 10 -hexadecenoic acid. Banks, Hilditch, and Jones (24) first 
suspected, and Klenk, Ditt, and Diebold (25) definitely proved, 
its presence in the fat of rats. Longenecker (3, 4) has now found 
it to be a quantitatively important component of rat fat, com- 
prising from 4 to 15 per cent of the total fatty acids of the carcass, 
depending upon diet. 

In a previous experiment, Schoenheimer and Rittenberg (10) 
had shown that deuterostearic acid is dehydrogenated by rats to 
oleic acid. In the present experiment, completely analogous 
findings indicate the desaturation of palmitic to palmitoleic acid 
in the body of the rat. From Table I it will be seen that the 
palmitoleic acid contained 26 per cent as much deuterium as the 
carcass palmitic acid. The low but significant concentration of 
deuterium in the oleic acid (Table I) is in accord with the pre- 
viously published conversion of stearic to oleic acid. 
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a-Linoleic Add — ^The fact that rats are unable to synthesize 
this compound was first suspected from observations (26) of the 
deficiency syndrome which resulted from its complete exclusion 
from the diet. Its disappearance from the depot fat of animals 
on such a diet has also been noted (27). The very low isotope 
content of the linoleic acid isolated in the present experiment 
(Table I) is in accord with these findings.* 

Interconversions of Fatty Adds Shown to Have Occurred — ^The 
data presented in Table I are compatible with the following series 
of reactions. 

Stearic <— palmitic — * shorter chain acids 

i i 

Oleic palmitoleic 

Or, when these results are combined with those already obtained 
from previous isotope studies (10-12), the reactions may be for- 
mulated 

Stearic palmitic — > shorter chain acids 

11 11 

Oleic palmitoleic 

In consideration of the transformations that the labeled pal- 
mitic acid underwent after ingestion, it should again be em- 
phasized that each of the fatty acids into which the test substance 
was transformed was liberally supplied in the butter of the diet. 
In other words, the rat can and does continuously convert palmitic 
add into several other fatty adds, even though these products are 
available from other sources. 

Estimates of Amounts of Various Fatty Adds Formed from Pal- 
mitic Add — The palmitic acid of the diet, comprising normal pal- 
mitic acid of butter together with deuteropalmitic acid added, 
contained 5.7 atom per cent deuterium. If this figure be com- 
pared with the anal 3 i,ical values in Table I, it may be computed 
that 24 per cent of the carcass palmitic acid, 9.3 per cent of the 

* hlore recently, Bernhard and Schoenheimer (forthcoming publication) 
have shown that, whereas palmitic, stearic, and oleic acids of mice, whose 
body water was enriched with respect to deuterium oxide, contained con- 
siderable quantities of deuterium, the linoleic acid isolated from these 
animals contained no significant quantity of deuterium, indicating the 
absence of synthesis of this compound. 
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carcass stearic acid, and 6.3 per cent of the carcass palmitoleic 
acid were derived directly from the palmitic acid of the diet. 
This calculation presupposes, however, that the dietary palmitic 
acid is converted into other fatty acids prior to any dilution with 
the large reservoir of normal, “non-isotopic” palmitic acid already 
present in the depot fat. If the depot palmitic acid (1.38 atom 
per cent deuterium) be considered as the immediate precursor of 
the other fatty acids, it may be estimated that 38 per cent of the 
stearic acid and 26 per cent of the palmitoleic acid of the carcass 
were derived from this source. 

The results of the present experiment, showing the existence of 
continuous interconversions of fatty acids, call to mind similar 
reactions observed to occur with the amino acids of the animal 
proteins (28). The fatty acids of the depots, like the amino acids 
of the body proteins, undergo continuous transformations, even 
when the animals are in a uniform state of nutrition. 

EXPERIMENTAL 

Materials and Methods — Deuteropalmitic acid was prepared as 
previously described (14) by the platinum-catalyzed exchange 
reaction between heavy water and pure palmitic acid. The ethyl 
ester of this material contained 19.9 ± 0.3 atom per cent deu- 
terium corresponding to 22.4 atom per cent in palmitic acid. The 
ester melted sharply at 24°. 

The basal diet contained 65 per cent corn-starch, 22.5 per cent 
casein, 6.25 per cent salt mixture (29), and 6.25 per cent yeast 
powder. 300 gm. of final diet were prepared by intimately mixing 
279 gm. of the above basal diet with 19.31 gm. of butter and 1.69 
gm. of ethyl deuteropalmitate. The mixture was offered freely 
to each of three growing male rats, weighing 132 to 150 gm. each, 
until they had consumed practically all of it. This required 8 
days, and in that interval the rats showed an average gain in 
weight of 35 gm. 

All deuterium analyses of the water obtained by combustion 
were performed by the falling drop technique (30). When sub- 
stances rich in bromine had to be analyzed, the material was mixed 
with 10 times its weight of freshly precipitated silver, the water 
resulting from such a combustion containing but a trace of bromine. 
This could readily be removed by exposing the water to a small 
piece of bright copper-foil. 
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Equivalent weights of fatty acids were determined by titrating 
samples weighing about 75 mg. with 0.06 N alkali, with phenol- 
phthalein as an indicator. Titration was so arranged that at the 
end-point the solvent was 1:1 ethanol-water. The alkali was 
standardized against samples of pure palmitic acid. 

Preliminary Separation of Lipids — After the bulk of the diet was 
consumed, the rats were kUled by a blow on the head. The gastro- 
intestinal tracts were removed, from esophagus to anus, and com- 
bined with the feces and uneaten food for fat analj'sis. A sample 
of body water was distilled from the carcasses and found to con- 
tain 0.03 ± 0.02 atom per cent deuterium. The carcasses and 
livers were separately investigated for fatty acids. Each fraction 
was hydrolyzed by refluxing for 2 hours with an excess of 10 per 
cent ethanolic KOH. Each reaction mixture was filtered through 
glass wool, the filtrate diluted with water, and the unsaponifiable 
material extracted from the alkaline solution with petroleum 
ether. The aqueous alcoholic solution was then acidified and the 
fatty acids extracted with petroleum ether. Each petroleum 
ether solution was washed with water, dried over Na 5 S 04 , and 
evaporated to dryness. The fatty acids of the gastrointestinal 
tracts, feces, and uneaten food (2.057 gm.) contained 1.32 ± O.OA 
atom per cent deuterium, and those of the carcasses (29.84: gm.) 
0.50 ± 0.02 atom per cent deuterium. 0.616 gm. of fatty acids 
was obtained from the Uvers. These were not analyzed, but were 
first separated into saturated and unsaturated fractions. 

Investigation of Carcass Fatty Acids — 29.0 gm. of carcass fattj- 
acids were first separated into saturated (“solid”) and unsaturated 
(“liquid”) fractions by Twitchell’s (31) lead salt method, as modi- 
fied by Schoenheimer and Rittenberg (10). The precipitated 
lead soaps were recrystallized from hot ethanol and decomposed 
with strong HCl to give 5.93 gm. of saturated fatt 3 ’' acids contain- 
ing 1.04 ± 0.03 atom per cent deuterium. The imsaturated fattj' 
acids, recovered from the soluble lead salts bj' treatment with 
H;S, weighed 16.01 gm., and contained 0.20 ± 0.02 atom per cent 
deuterium. 

Isolation of Palmitic Acid — 5.76 gm. of saturated fatty acids 
were converted into methyl esters and distilled in the modified 
micro-Widmer stiU with an electrically" heated column that has 
been pre^dously used in this laboratory (12). The details of the 
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Table II 

Preliminary Distillation of Methyl Esters of Carcass Saturated 

Fatty Acids 

Pressure = 0.05 to 0.06 mm. 


Prno- 

tion 

No. 

Column 

temperature 

Weight 

M.p. 

Remarks 


°C. 

QVX» 

°C. 



118-134 

0.619 

18 -20 

Low boiling portion. Table V 


134-135 

0.614 

27 -28 

' 


133 

mmm 

27.5-28 



133 


27 

Combined for isolation of pal- 


133 


27 

mitic acid. Table III 


132-138 


29 -30 



136-140 

0.512 

27.5-28.5 


8 

140-155 

0.703 

22 -25 


B 

153-154 

0.443 

32 -33 

\ 

Wm 

155-174 

.0.260 

34 -35 

(Combined for isolation of 

n 

Residue 

0.289 

34 -35 

I stearic acid, Table IV 


Table III 

Purification of Carcass Palmitic Acid 
Methyl esters, Fractions 2 to 7, Table II, combined and distilled. Pres- 
sure = 0.07 mm. 


Fraction No. 

Methyl esters 

Column temperature | 

Weight 

M.p. 


°C. 

gm» 

‘C. 

1 

137-138 

0.509 

27-28 

2* 

138-139 

0.578 

29 

3* 

138-142 

0.542 

29 

4* 

135-141 

0.400 

29 

5 

137 up 


28 


* Fractions 2, 3, and 4 were combined and saponified. The liberated 
fatty acid, after recrystallization, melted at 62.0°, had an equivalent weight 
of 257.9, and contained 1.38 ± 0.03 atom per cent deuterium. 


distillation are given in Table II. Fractions 2 to 7 of this dis- 
tillation, recombined and redistilled (Table III), yielded pure 
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methyl palmitate,* ■which, upon saponification, and recrystalliza- 
tion of the liberated acid from aqueous acetone, gave palmitic 
acid -which contained 1.38 ± 0.03 atom per cent deuterium. 

Isolation of Stearic Acid — ^Fractions 9, 10, and 11 of the initial 
distillation (Table II) were combined, and twice “washed out” 
as previously described (12) by adding normal methjd palmitate 
and distilling it off. It -will be seen from Table that only 

Table IV 


Purificalion of Carcass Stearic Acid by “Washing Out" Procedure 
Methyl esters, Fractions 9 to 11, Table II, + 1-00 g™- of normal methyl 
palmitate combined and distilled. Pressure = 0.06 mm. 


Fraction No. 

3fethyl caters 

Colomn 

temperature 

; 1 

Weight 

M.p. 

Deuterium 


•c. 

cm. 

“0. 

atom per cent 

1 

135-137 

0.100 



2 

136-138 

0.644 


0.12 i 0.02 

3 

139-146 

0.239 




0.50 gm. normal methyl palmitate added to residue in 
still, and distillation continued 


4 

134-135 




5 

137-139 



0.05 i 0.02 

6 

139-153 


23-25 


7 

154 


31-32 

0.44 ±0.02 

8* 

9 

154-170 

Residue 

0.469 1 

1 

34-35 

0.20 ±0.02 


* Fraction 8 -svas saponified. The liberated fatty acid, after recrystalli- 
zation, melted at 65.4°, had an equivalent -weight of 284.3, and contained 
0.53 ± 0.02 atom per cent deuterium. 


after the deuterium content of the contaminating methyl palmi- 
tate had been reduced to 0.05 atom per cent was the methyl 
stearate distilled. The stearic acid derived from this material 
contained 0.53 ± 0.02 atom per cent deuterium. 

* The purity of fractions of these distillations may be inferred from the 
melting point and equivalent weight data. The theoretical equivalent 
weight of palmitic acidis 256.3, of stearic acid, 284.3. Melting points that 
have been obtained ih this laboratory are methyl palmitate 29.5°, methyl 
stearate 38°, palmitic acid 62.4°, stearic acid 69°. 
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Isolation of Shorter Chain Fatty Adds— In like fashion, the low 
boiling saturated fatty acid methyl esters (Fraction 1, Table II) 
were twice “washed out” by distilling them away from portions 
of normal methyl palmitate twice in succession, as indicated in 
Table V. By this means the deuterium concentration of the 
contaminating methyl palmitate was reduced to 0.11 ± 0.02 
atom per cent. The low boiling methyl esters were found to con- 
tain 0.29 ± 0.02 atom per cent deuterium, which, calculated on 
the basis of free myristic acid, would give a deuterium concen- 

Table V 

Purification of Low Boiling Saturated Fatty Acid Methyl Esters 
from Carcasses, by “Washing Out” Procedure 
Methyl esters, Fraction 1, Table II, -f- 1.00 gm. of normal methyl 
palmitate combined and distilled. Pressure = 0.05 to 0.06 mm. 


Fraction No. 

Methyl estera 

Column 

temperature 

Weight 

M.p. 

Deuterium 


°C. 

gm* 

°C. 

atom per cent 

1 

121-130 

0.469 



2 

133-135 




3 

133 



0.43 ±0.02 


Still cleaned out, and Fraction 1, above, 1.00 gm. normal 
methyl palmitate combined and distilled 


4 

117-130 

0.359 

22-24.5 

0.29 ±0.02 

5 

131-133 1 

0.313 

22-25 

0.12±0.02 

6 

131-135 

0.254 

29 

0.11±0.02 

7 

Residue 



0.09 ±0.02 


tration of 0.32 ± 0.02 atom per cent. The fraction was too small 
to permit of isolation of pure individual fatty acids. 

Investigation of Unsaturated Fatty Acids from Carcass— The 
unsaturated fraction of carcass fatty acids obtained from the ini- 
tial lead soap separation was found to contain 0.20 ± 0.02 atom 
per cent deuterium. 14.33 gm. of this material were “washed out” 
as previously described (10) by mixing with 1 gm. each of normal 
palmitic and stearic acids and precipitating with lead acetate. 
After filtering, the filtrate was heated to boiling and a second 
portion of palmitic and stearic acids, followed by 2 gm. of lead 
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acetate, vras added. The precipitate was again removed and the 
operation repeated a third time. Each precipitate of lead soap 
was recrystallized from ethanol, and the derived saturated fatty 
acid mixture analyzed for deuterium. After the third “washing 
out,” the precipitate contained only 0.05 ± 0.02 atom per cent 
deuterium (Table VI). The unsaturated fatty acids were now 
regenerated by HsS from the filtrate of the last lead precipitation 
and gave 8.94 gm. of a pale yellow oil which contained 0.15 ± 
0.02 atom per cent deuterium. 

Isolation of Linoleic Acid — Linoleic acid was isolated from the 
above material as the tetrabromide, according to Rollett (32), by 

Table VI 

Purificalion of Unsalurated Fatty Acids of Carcass by 
“IVashing Out” Procedure 

TJnsaturated fatty acids were mixed three times in succession with 
normal palmitic and stearic acids and separated by the lead precipitation 
method. 


Fraction 

Denterium 

Saturated fatty acids of carcass 

ctom -per etnt 

1.01 ±0.02 
0.29±0.02 
0.09 ±0.02 
0.05±0.02 
0.15 ±0.02 

Precipitate from 1st “washing” 

“ ‘‘2nd ‘‘ “ 

“ ‘‘ 3rd ‘‘ 

Unsaturated fatty acids of carcass 



adding bromine to the oil in petroleum ether solution at 0° up to 
the persistence of a brown color. The resultant precipitate was 
filtered off, washed well with cold petroleum ether, and dried. 
The pale gray powder, melting at 112°, contained 54.7 per cent 
bromine by micro-Carius determination (theory for tetrabromo- 
stearic acid, 53.3 per cent, for hexabromostearic acid, 63.1 per 
cent). The water derived from its combustion contained 0.02 ± 
0.02 atom per cent deuterium. 

Isolation of Oleic and Palmiloleic Acids — Oleic and pahnitoleic 
acids were not isolated as such but were first reduced and the cor- 
responding saturated stearic and palmitic acids separated. The 
mother liquor from the above bromine precipitation, comprising 
chiefly bromo derivatives of oleic, pahnitoleic, and traces of 
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linoleic acids, was evaporated to dryness and the residue de- 
brominated by refluxing with an excess of zinc dust in glacial acetic 
acid. The resultant debrominated fatty acids were completely 
reduced by shaking with normal hydrogen in the presence of active 
platinum catalyst at room temperature and atmospheric pressure. 

Table VII 

Distillation of Saturated Fatty Acid Methyl Esters Prepared by Reduction of 
Oleic Acid, Palmitoleic Acid, Etc., from Carcasses of Rais 
Fed Ethyl Deuteropalmitate 
Pressure = 0.05 to 0.06 mm. 


Fraction No. 

Methyl esters 

Column temperature 

Weight 

M.p. 


°C. 

om. 

'C. 

1 

100-131 

0.419 


2 

129-131 



3 

132-135 


26 

4 

135-142 



5 

148-149 

0.535 


6* 

148-153 

0.646 

37.5-38 


Fraction 3 + 4, recombined and redistilled 


lat 

127-129 

0.120 

29 

2at 

125-128 

0.145 

29 

3a 

128-129 

0.196 

25 -25.5 

4a 

129-134 

0.127 

29 -32 


* Fraction 6 was saponified. The derived fatty acid, after recrystalliza- 
tion, melted at 68.4°, had an equivalent weight of 282.0, and contained 0.06 
± 0.02 atom per cent deuterium. 

t Fractions la and 2a were combined and saponified. The derived fatty 
acid, after recrystallization, melted at 62.4°, had an equivalent weight of 
266.7, and contained 0.34 rfc 0.02 atom per cent deuterium. 

Under these conditions, no significant exchange of carbon-bound 
hydrogen in fatty acids is to be expected (14). 7.04 gm. of fatty 
acid took up 450 cc. of hydrogen before the reaction was com- 
pleted. The saturated fatty acids were now converted to methyl 
esters in the usual fashion, and the mixed methyl esters fraction- 
ally distilled. The data of this distillation are given in Table VII. 
It will be seen that the sample of palmitic acid obtained contained 
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0.34 ± 0.02 atom per cent deuterium. This corresponds to 0.36 
± 0.02 atom per cent deuterium in the palmitoleic acid from which 
it was made. The stearic acid obtained from the distillation con- 
tained 0.06 ± 0.02 atom per cent deuterium, which corresponds to 
0.06 ± 0.02 atom per cent in the oleic acid from which it was 
derived. 

Investigaiion of Fatly Acids from Livers — 0.616 gm. of liver fatty 
acids was separated into saturated and unsaturated fractions by 
the lead soap procedure. The soluble lead soaps were once 
“washed out” by adding to the hot ethanolic solution 50 mg. each 
of normal palmitic and stearic acids followed by 100 mg. of lead 
acetate. The second crop of precipitate which formed was filtered 
off. The two portions of precipitated lead salt were recrystallized 
from hot ethanol and decomposed in the usual fashion with HCl. 
The soluble lead salts were decomposed with HiS. The saturated 
fatty acids of the livers contained 2.49 ± 0.03 atom per cent deu- 
terium, and the unsaturated fraction contained 0.42 ± 0.02 atom 
per cent. The saturated fatty acids recovered from the “washing 
out” contained 0.41 ± 0.03 atom per cent deuterium. The deu- 
terium concentrations in the two fractions of liver fatty acids 
parallel the corresponding values in the carcass fatty acids, each 
fraction of liver fatty acid containing about 2.5 times the con- 
centration of isotope found in the analogous fraction of carcass 
fatty acid. 


SUMMABT 

1. Deuteropalmitic acid in the form of its ethyl ester was added 
as a quantitatively minor component to a diet otherwise gener- 
ously supplied with a variety of normal fatty acids, and this diet 
was fed to rats. After 8 days, the animals were killed, and various 
fractions of body fat, including several individual carcass fatty 
acids, were isolated and analyzed for deuterimn. 

2. The bulk of the test substance was absorbed, and about 44 
per cent of the deuterium fed as palmitic acid was recovered from 
the fat of the animals. Much of the deuteropalmitic acid had 
been deposited directly in the tissues. 

3. Part of the palmitic acid was degraded to acids of shorter 
chain length; another part was desaturated to palmitoleic acid. 
A novel reaction was the finding of the conversion of palmitic acid 
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into stearic acid, representing a direct elongation of the carbon 
chain of palmitic acid by 2 carbon atoms. 

4. The new fatty acids were formed despite the fact that the 
animals were ingesting, during the course of the experiment, an 
abundance of the same fatty acids, supplied as butter in the diet. 

5. These conclusions are coordinated with the previous reports 
of studies in the metabolism of fatty acids, and a scheme is pro- 
posed to indicate certain interconversions of fatty acids that are 
normally and continuously taking place in the animal body. 
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THE BIOLOGICAL RELATIONS OF THE HIGHER 
ALIPHATIC ALCOHOLS TO FATTY ACIDS* 
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Almost 50 years ago, Munk and Rosenstein (1) reported the 
feeding of cetyl palmitate, as spermaceti, to a patient suffering 
from a chronic chyle fistula. Whereas they could recover a good 
portion of the palmitic acid, as tripalmitin, from the chyle, they 
were unable to demonstrate the presence of any cetyl alcohol in this 
material. It has since been shown by Mancke (2) that, even when 
large amounts of cetyl alcohol were added to the diet, the rise in 
cetyl alcohol excretion in the feces accounted for but a small 
fraction of that fed. Even after intensive feeding, however, he 
was unable to demonstrate any cetyl alcohol in the depot fat, the 
milk, or the lymph of his experimental animals. He concluded 
that the alcohol was rapidly destroyed by the animal. Gardner 
(3) discovered cetyl alcohol to be a normal but minor constituent 
of mammalian feces, and this finding has been confirmed (4). 

Schoenheimer and Hilgetag (4) were able to isolate cetyl al- 
cohol, and on occasion small amounts of octadecyl alcohol, not 
only from normal mammalian feces, but also from the sterile 
feces of new born infants, the intestinal wall, the feces of dogs with 
bihary fistulae, and the contents of sterile operative intestinal 
cysts. Having thus successively eliminated bacterial action, diet, 
and bile as sources of the cetyl alcohol found, they concluded that 

* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 

t Columbia University Fellow, 1939-40. This report is from a thesis 
submitted by DeWitt Stetten, Jr., in partial fulfilment of the require- 
ments for the degree of Doctor of Philosophy in the Facultj" of Pure Science, 
Columbia University. 
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it was a secretory product of the intestinal mucosa. Furthermore 
in view of the extreme readiness with which ingested cetyl alcohol 
is absorbed from the gastrointestinal tract, the fact that this com- 
pound occurs in the feces at all shows it to be a normal metabolic 
intermediary, for a great deal of it would have to be secreted into 
the lumen of the gut for a small quantity to escape the efficient 
absorption mechanism. 

Conversion of Palmitic Add into Higher Alcohols— In the present 
work an attempt was made to determine whether the naturally 
occurring fatty acids act as the biological precursors of the higher 
aliphatic alcohols normally excreted in the feces. In a previous 
paper (5) an experiment was reported in which rats were fed for 8 
days with deuteropalmitic acid, and its conversion into other fatty 
acids was studied. We have now investigated the unsaponifiable 
matter obtained from the feces of these animals. The sterols were 
first quantitatively removed as digitonides and found to contain 
no excess of isotope. The fraction volatile below 80° under 0.02 
mm. pressure was freed of non-alcoholic contaminants via the 
sodium salts of the succinic hemiesters. Only 22 mg. of hemi- 
succinates were obtained, an amount too small for further puri- 
fication. This material contained 0.72 atom per cent deuterium, 
calculated on the basis of cetyl alcohol, which is about half the 
concentration of isotope that had been found in the palmitic acid 
obtained from the bodies of these animals (1.38 atom per cent). 

It should be pointed out that the feces analyzed had been col- 
lected from the time of initiation of feeding of the isotopic test 
substance up to the conclusion of the experiment. Any alcohols 
excreted during the first few days of feeding must have had a lower 
isotope content than those excreted later on. Thus, the alcohols 
excreted on the last day of feeding, which would be strictly com- 
parable with the carcass palmitic acid, would necessarily have a 
higher deuterium content than the accumulated material which 
was actually analyzed. 

In view of the fact that cetyl alcohol is the only compound that 
has been isolated with any consistency (4) from the fraction 
studied, it is reasonable to suppose that it was a major component 
of the material analyzed for deuterium. The experimental finding 
points strongly to the conversion of palmitic acid into alcohols of 
high molecular weight, and is taken as indication of the conversion 
specifically to cetyl alcohol. As the biological conversion observed 
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in this experiment was investigated in nonnal animals, its occur- 
rence must be a normal event. 

Conversion of Higher Alcohols into Fatty Adds — ^Experiments 
were carried out to investigate whether the reverse of the reaction 
described above, namely the conversion of higher alcohols into 
fatty acids, also occms in the animal body. Deuterium-con- 
taining cetyl and octadecyl alcohols were synthesized in the 
laboratory and their acetates administered to rats as 1 per cent 
of an otherwise normal stock diet, containing 6 per cent butter, 
for a period of 8 to 9 days. Both test substances were excellently 
absorbed, a finding in accord with all previous investigations. 
The rmsaponifiable fractions of the hydrolysates of the bodies of 
these nnimals must have contained any higher alcohols that were 
present. The deuterimn content of these fractions accounted for 
only traces of unchanged cetyl and octadecyl alcohols. The fatty 
acids of the carcasses, however, accounted for 36 to 47 per cent of 
the dietary isotope bound to alcohol. The remainder of the test 
substance was probably degraded. 

The saturated fatty acids of the bodies of these animals were 
fractionated according to methods previously described (5). 
When deuterocetyl alcohol was fed, the corresponding palmitic 
acid of the carcass showed a high content of deuterium, while the 
isotope content of the stearic acid was lower. Administration of 
deuterooctadecyl alcohol resulted in a very high deuterium con- 
tent in the carcass stearic acid and a considerably lower value for 
the palmitic acid. 

The findings in these experiments considered together indicate 
that normal animals continuously convert not only fatty acids into 
alcohols, but, conversely, higher aliphatic alcohols into fatty 
acids. The quantitative data obtained in the deuterium analyses 
of fatty acids after feeding deuterocetyl alcohol are remarkably 
similar to those obtained after feeding deuteropahnitic acid (5). 
It seems that the conversion of cetyl alcohol to palmitic acid is so 
rapid that it makes little difference whether the deuterium is ad- 
ministered bound to palmitic acid or to cetyl alcohol. The rapid- 
ity of this oxidation doubtless explains the inability of earlier 
workers (1, 2) to recover cetyl alcohol after its feeding. 

In the previous paper (5) it was shown that normal rats elongate 
the chain of palmitic acid to form stearic acid. In view of the 
relative chemical inertia of carboxyl groups as reactants in con- 
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densations of this sort, a more reactive derivative of palmitic acid 
must be considered to occur as a biological intermediate. The 
high biological activity of cetyl alcohol suggested that this sub- 
stance, or, what is more likely, the corresponding aldehyde,^ was 
the required reactant in this condensation. 

In order to test the effectiveness of cetyl alcohol as a precursor 
of stearic acid in the animal body, a third feeding experiment was 
designed in which the butter of the earlier diet was replaced by 
normal, non-isotopic ethyl palmitate. Deuterocetyl alcohol, as 
its acetate, comprised 2 per cent of the diet. As the diet was free 
of stearic acid, any of this acid deposited must have been formed 
by synthesis. At the same time, the deuterium content of the 
depot palmitic acid, formed in part from deuterocetyl alcohol, 
would be reduced by the continuous deposition of non-isotopic 
dietary palmitic acid. At the conclusion of the feeding, carcass 
palmitic and stearic acids were isolated. The former contained 
0.44, the latter, 0.34 atom per cent deuterium. In other words, 
the stearic acid had an isotope content about 77 per cent of that 
in the palmitic acid. If these results, as well as those of the 
previous experiment, be compared with those obtained after 
feeding deuteropalmitic acid (5), it may be concluded that cetyl 
alcohol is at least as effective a precursor of stearic acid as is 
palmitic acid. The results, while showing a high activity of 
cetyl alcohol in forming stearic acid, are not regarded as final proof, 
but the likelihood exists that the alcohol is formed from palmital- 
dehyde, either by the animal or in the course of isolation, and that 
the aldehyde is an intermediate in the conversion of palmitic to 
stearic acid. 


EXPERIMENTAL 

Preparation of Deuterocetyl and Deiiterooctadecyl Alcohols — 
An attempt to prepare deuterocetyl alcohol by exchange reaction 

1 Popular speculation (6, 7) on the biological synthesis of fatty acids 
emphasizes the likelihood of "aldol" types of condensation reactions. 
Since palmitaldehyde has been shown by Feulgen and collaborators (8, 9) to 
be a normal constituent of animal tissues, and since this aldehyde must be 
considered as an intermediate in the cetyl alcohol-palmitic acid oxidation- 
reduction system, it is possible that this substance occupies a central posi- 
tion between palmitic acid, cetyl alcohol, and stearic acid. Study of its 
metabolic relations will be of interest. 
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between cetyl alcohol and heavy water under conditions (10) 
which had been employed in the preparation of deutero fatty 
acids was unsuccessful, the product containing only traces of 
deuterium. The alcohols were therefore prepared from the 
corresponding deutero acids. Deuteropalmitic acid was prepared 
by exchange reaction -with heavy water (10) and deuterostearic 
acid by the platinum-catalyzed reduction of oleic acid in an at- 
mosphere of deuterium (11). These acids were esterified with 
ethyl alcohol in the usual fashion, and the ethyl esters reduced to 
alcohols with sodium "sand” and ethanol (12). The alcoholic 
products were acetylated by refluxing with acetic anhydride and 
the alcohol acetates purified by distillation. Deuterocetyl 
acetate boiled at 180-194° under 15 to 16 mm. of mercury pres- 
sure. It melted at 24°, and proved to contain 11.2 ± 0.4 atom 
per cent deuterium, corresponding to 11.9 atom per cent in the 
free alcohol. Deuterooctadecyl acetate distilled under a pressure 
of 4 nun. of mercuiy at 155-161°. The distillate melted at 32° 
and contained 5.4 d= 0.2 atom per cent deuterium, corresponding 
to 5.7 atom per cent in the octadecyl alcohol. The melting points 
obtained agree well with those of the modification of the crystal 
structure of the alcohol acetates, according to Meyer and Reid 
(13). 

Feeding of D enter oocladecyl Alcohol — 93 gm. of the basal diet 
previously described (5) were intimately mixed with 6 gm. of 
butter and 1 gm. of deuterooctadecyl acetate. The mixture was 
offered ad libitum to an immature male rat weighing 111 gm. 
After 9 days the animal had consumed the major part of the diet 
and had gained 25 gm. in weight. Neither during this nor during 
subsequent experiments was any evidence of the supposed purga- 
tive action of cetyl and octadecyl alcohols noted (14). 

The animal was killed by a blow on the head and the lipids frac- 
tionated as described in the previous paper (5). The weights and 
deuterium content of the various fractions of this initial separation 
are given in Table I. 

The carcass fatty acids were dhdded into saturated and un- 
saturated fractions by the lead salt method (15, 16), and the free 
saturated fatty acids, recovered from the recrystaUized insoluble 
lead soaps, esterified with methyl alcohol. 1.35 gm. of saturated 
fatty acid methyl esters were obtained and this material frac- 
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tionally distilled in a micro-Widmer apparatus previously used in 
this laboratory (17). The details of this distillation are given in 

Table I 


Initial Fractionation of Lipids of Rats Fed Deutero Alcohol Acetates 


Prootion 

Rot 1, fed doutorooctodeoyl 
acetate 

Rat 2, fed deuterocetyl 
acetate 


Weight j 

Deuterium 

Weight 

D utcrium 

Body water 

Feces, uneaten food, 
and gastrointestinal 

gm, 

1 

1 

atom per cent 

0.03 ±0.02 1 

1 

mn 

atom per cent 

0.04 ±0.02 

tracts. Total lipids . 1 

0.778 1 

0.54 ±0.02 


0.54 ±0.02 

Livers. Fatty acids. . . 
“ Unsaponifi- 

0.153 

0.78 ±0.02 


0.65 ±0.02 

able 

Carcasses. Fatty 

0,014 1 

1 

0.63 ±0.10 

0.011 

0.94±0.20 

acids 

Carcasses. Unsapon- 

9.773 

0.26 ±0.02 

11.880 

0.26±0.02 

ifiable 

0.287 

0.10 ±0.02 

0.440 

0.26 ±0.03 


Table II 

Distillation of Methyl Esters of Saturated Fatty Acids from Carcass of Rat 
Fed Deuteroocladecyl Acetate 


Pressure = 0.1 mm. 


Frac- 

tion 

No. 

j Methyl eatera | 

R-ee acids 

1 

1 Column 
temper- 
ature 

Weight 

1 

M.p. 

i 

M.p. 

Equivalent 
weight j 

Deuterium 


°C. 

(7m. 

’C. 

°C. 

1 

atom percent 

1 

119-131 

0.052 

<15 


1 

0.06 ±0.03 

2 

132-136 

0.155 

22-25 

58.2 


0.08 ±0.02 

3 

135-136 

0.250 

27-29 

61.3 

254.3 

0.10 ±0.02 

4 

137-138 

0.183 

29 

61.8 

255.1 

0.13±0.03 

5 

137-139 

0.167 

29-29.5 

61.6 

256.6 

0.10 ±0.02 

6 

142-145 

0.158 

29 

60.6 

254.2 

0.11 ±0.02 

7 

142-157 j 

0.132 j 

18-22 

54.0 


0.65 ±0.04 

8 

170-174 

0.163 

J 

33-35 

65.8 

j 280.1 

1.15±0.05 


Table II. The composition of the various fractions may be 
estimated from melting points of the esters, as well as the equiv- 
alent weight and melting point values of the recrystallized derived 
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fatty acids. Fractions 3 to 6 all represent fairly pure palmitic 
acid which ^nll be seen to contain 0.11 atom per cent deuterium. 
Fraction 8 is a mi.xture of about 80 per cent stearic acid and 20 
per cent palmitic acid. From this it may be estimated that pure 
stearic acid must contain about 1.3 atom per cent deuterium. 
The difficulty encountered in this and subsequent distillations in 
obtaining relatively pure samples of stearic acid arises from the 
scant quantity of this acid in rat fat. 

Table III 

Dislillation of Mclhyl Esters of Saturated Fatty Acids from Carcetss of 
Rat Fed Dculerocelyl Acetate 


Pressure = O.OS mm. 


Frac- 

tion 

No. 

Methyl caters 

Free acids 

Column 

temper- 

ature 

Weight 

M.p. 

M.p. 

Equivalent 

\reight 

Deuterium 


*c. 

pm. 

•c. 

*C. 


ctom percent 

1 

1I8-I26 

0.180 

<15 



0.27 i 0.02 

2 

128-131 

0.165 

29.5 

61.8 

258.3 

0.59i0.02 

3 

131-132 

0.201 

29.5 

62.0 

258.3 

0.57 ±0.02 

4 

130-131 

0.253 

29.5 

61.7 

254.8 

0.5S±0.02 

5 

134-135 

0.362 

29 

61.4 

255.0 

0.53 ±0.02 

6 

134-140 

0.187 

29 

62.0 

257.2 

0.51 ±0.02 

7 

145-160 

0.146 

23-24 



0.39 ±0.02 

8 

164 

0.151 

32 

64.6 

280.8 

0.33 ±0.05 

9 

164-180 

0.094 

35.5 

66.2 

286.7 

0.40 ±0.04 

10 

Residue 

0.120 




0.22 ±0.02 


Feeding of Deuterocelyl Alcohol — The diet was identical with 
that of the pre^dous experiment except that deuterocetjd acetate 
was the test substance instead of deuterooctadecyl acetate. The 
animal in this case weighed 144 gm. and gained 26 gm. during the 
course of the feeding, which required 8 days. The same frac- 
tionation was carried out as before, and the data are given in Table 
I. Again the saturated fatty acids of the carcass were isolated 
and converted to methyl esters, in this case weighing 1.94 gm. 
The record of the distillation of this material is given in Table III. 
It will be seen that Fractions 2 to 4 represent palmitic acid of an 
equal purity which must contain about 0.58 atom per cent deu- 
terium. Fraction 8 contains about 80 per cent stearic acid, Frac- 
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tion 9 about 85 per cent stearic acid, requiring that whatever the 
contaminant may be, pure stearic acid would have to contain at 
least some 0.30 atom per cent deuterium. 

Feeding of Deuterocetyl Alcohol together with Non-Isotopic 
Palmitic Acid — The test substance in this experiment was the 
same deuterocetyl acetate that was used in the preceding experi- 
ment. 4 gm. of this material were intimately mixed -with 186 
gm. of the basal diet referred to above and 10 gm. of normal, 
non-isotopic ethyl palmitate. This diet was offered freely to 
three male rats weighing 160 to 200 gm. each. On the 6th day of 
feeding the bulk of the diet had been consumed and the animals 
had gained an average of 7 gm. The rats were killed at this time 

Table IV 


Initial Fractionation of Lipids from Rats Fed Deuterocetyl 
Acetate -f- Normal Ethyl Palmitate 


Fraction 

AVeight 

Deuterium 

Body water 

cm. 

atom per cent 

0.04db0.02 
0.26 db 0.02 

Total fatty acids of bodies 

39.2 

Saturated fraction 

9.75 

0.38 ±0.02 

Unsaturated fraction 

! 18.02 

! 0.17±0.02 

Unsaponifiable fraction of gastrointestinal 
tracts, feces, and uneaten food 

0.753 

6.2 ±0.2 



and worked up essentially as in the previous experiments, Avith the 
exception that the livers were not removed from the bodies. The 
weights and deuterium contents of the various fractions are given 
in Table IV. 

9.5 gm. of saturated fatty acids of the carcasses Avere esterified 
with methanol and fractionally distilled. The results of this dis- 
tillation are given in Table V. Tavo suitable fractions Avere se- 
lected for saponification, and the derived free acids recrystallized. 
Fraction 6 gave a melting point and an equivalent Aveight for a 
mixture of 95 per cent palmitic acid and 5 per cent stearic acid; 
Fraction 17 gave data for a mixture of 80 pei' cent stearic acid and 
20 per cent palmitic acid. If the conventional assumption be 
made that in such a distillation no more than tAVO members of a 
homologous series are found in each fraction (18), simultaneous 
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equations may be set up and solved. The deuterium content of 
pure palmitic acid proves to be 0.44, that of pure stearic acid, 0.34 
atom per cent. 

Investigation of Alcoholic Fraction of Fecal Unsaponifiable Mate- 
rial of Rats Fed Deuteropalmitic Acid — ^The material used in this 

Table V 

Distillation of Methyl Esters of Carcass Saturated Fatty Acids from Rats Fed 
Deuterocetyl Acetate + Normal Ethyl Palmitate 


Pressure = 0.05 mm. 


Fraction No. 

Methyl esters 

Column temperature 

TVeight 

M.p. 


’C. 

pm. 

•C. 

1 

118-128 

0.546 

14 -18 

2 

128-132 

0.602 

27 -28 

3 

132 

0.658 

27.5-28 

4 

131-133 

0.750 

27.5-28.5 

5 

132 

0.775 

28 -29 

6* 

131-135 

0.592 

29 

7 I 

130-135 

0.626 

28.5-29 

8 

130-133 

0.582 

29 

9 

127-128 

0.553 

29 -30 

10 

128-130 

0.675 

29 -30 

11 

130-131 

0.245 

28 

12 

126-127 

0.548 

28 -29 

13 

130-136 

0.691 

23 -25 

14 

135-136 

0.171 

24 -27 

15 

133-140 

0.653 

24 -27 

16 

139-140 

0.178 

30 -32 

17t 

141-171 

0.377 

34 -35 


* Fraction 6 was saponified. The derived fatty acid, after recrystalliza- 
tion, melted at 61.2°, had an equivalent weight of 258.0, and contained 0.44 
± 0.02 atom per cent deuterium. 

t Fraction 17 was saponified. The derived fatty acid, after recrystalli- 
zation, melted at 64.6°, had an equivalent weight of 279.9, and contained 
0.36 ± 0.02 atom per cent deuterium. 


study was the unsaponifiable fraction of the hydrolysate of the 
combined gastrointestinal tracts, uneaten food, and feces obtained 
from three rats described in the pretdous paper (5). These rats 
had been fed for 8 days on a stock diet to which had been added 
0.56 per cent ethyl deuteropalmitate, the palmitic acid of which 
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contained 22.4 atom per cent deuterium. 0.389 gm. of unsaponi- 
fiable material was obtained by extraction of the alkaline hydroly- 
sate with petroleum ether. Sterols were first removed by treat- 
ment with 1 gm. of digitonin in 80 per cent ethanol and the 
digitonides exhaustively washed with petroleum ether. The 
precipitate weighed 0.735 gm. and contained 0.02 ± 0.02 atom 
per cent deuterium. 

The combined filtrate and washings from the above precipitation 
were evaporated to dryness in vacuo and the solid residue re- 
peatedly extracted with boiling ether. From the ethereal solu- 
tion 0.169 gm. of non-precipitable unsaponifiable material was 
recovered. This was transferred to a side arm test-tube equipped 
with a ground glass joint into which a “cold finger” was mounted, 
and the contents distilled for 32 hours at 0.02 mm. pressure at 
95°. 43 mg. of a pale yellow oily distillate were collected and 
redistilled in the same apparatus at 80°. 27 mg. were collected 
in 15 hours. Under these conditions, cetyl alcohol, if present at 
all, would be expected to be found in the distillate. In order to 
free the distillate of non-alcoholic contaminants, the alcohol 
hemisuccinates were prepared by refluxing the volatile material 
^with 0.120 gm. of succinic anhydride in 1 cc. of dry pyridine. 
The reaction mixture was taken up in ether and washed free of 
pyridine Avith dilute H2SO4. The hemiesters were extracted from 
the ether layer with aqueous Na2C03, the Avater layer removed, 
acidified, and the hemiesters reexti'acted Avith fresh ether. The 
ether Avas Avashed, dried, and evaporated to dryness, to giA^e 22 
mg. of a pale yelloAv oil, semisolid at room temperature. Further 
purification Avas deemed impracticable, in vieAV of the small quan- 
tity of material. The product was, therefore, analyzed for deu- 
terium and proved to contain 0.72 db 0.03 atom per cent, calcu- 
lated on the basis of cetyl alcohol. 

SUMMAEY 

1. Cetyl and octadecyl alcohols containing deuterium Avere 
prepared from the corresponding fatty acids. The acetates of 
these alcohols Avere fed, in small amounts, to normal rats. Both 
substances Avere readily absorbed and rapidly converted into 
saturated fatty acids of the same chain length. In addition. 
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a portion of the cetyl alcohol was converted into stearic acid and 
a part of the octadecjd alcohol into palmitic acid. 

2. The reverse reaction, the conversion of fatty acids into higher 
alcohols, has been studied in rats fed deuteropalmitic acid. The 
fraction of higher aliphatic alcohols obtained from the feces had a 
deuterium content indicative of its origin from palmitic acid. 

3. The results are taken to mean that these alcohols are normal 
intermediates in fat metabolism, and their possible role in the 
process of elongation of the carbon skeleton has been discussed. 
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PHOSPHORYLATION OF GLUCOSE IN KIDNEY 
EXTRACT* 


By SIDNEY P. COLOWICK, MARY S. \\^LCH, and CARL F. CORI 

{From the Department of Pharmacology, irashtngfon University School of 
Medicine, Si. Louis) 

(Received for publication, January 30, 1940) 

The reversible enzjTnatic equilibrium, glycogen 4- H3PO4 ^ 
glucose-l-phosphate, makes it likely that glucose, in order to be 
converted to glycogen, must first be phosphorylated. In looking 
for a system in which phosphorylation of glucose might be studied, 
our attention was directed to a series of papers by Kalckar (1-3). 
He found that addition of glucose, inorganic phosphate, and 
fluoride to a ceU-free extract of kidney resulted in the formation of 
hexosediphosphate, a reaction which occurred imder aerobic 
conditions only and was clearly connected with the oxygen uptake 
of the extract. Addition of substances (such as glutamic, citric, 
and succinic acids) which increased the respiration of the extracts 
also increased the phosphorylation of glucose. This aerobic 
mechanism of phosphorylation was also demonstrated in a few 
experiments with liver extract. 

In the experiments reported in the present paper an attempt 
was made to find the components of the phosphorylating system 
in kidney by reactivating extracts which had lost actmty either 
by aging or by dialysis. In this maimer it was foimd that at least 
two coenzymes, adenylic acid and cozymase, one specific ion, 
Mg++, and an oxidizable substrate (a dicarboxylic acid) are 
essential components of the system. 

EXPERIMENTAi 

Methods 

Active extracts could be prepared from beef, lamb, pig, cat, or 
rabbit kidney, obtained within 15 minutes after death of the 

* This work was supported bj' a grant from the National Research Coun- 
cil Committee on Research in Endocrinology. 
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animal. In most cases kidney cortex of fed rabbits was used. 
About 10 gm. of tissue were ground at 0° with an equal volume of 
0.05 to 0.2 M phosphate buffer of pH 7.7 (9 moles of Na 2 HP 04 to 
1 mole of KH 2 PO 4 ) in a stainless steel homogenize!- of the type 
described by Potter and Elvehjem (4). The resulting paste was 
centrifuged for 3 minutes at 2000 r.p.m. and the turbid super- 
natant extract was used, either immediately or after aging at 
5-10° for a period of 4 to 24 hours. In some cases the extract was 
dialyzed in thin collodion membranes against 4 liters of phosphate 
buffer (of one-half the concentration used for extraction) for 4 
hours at 0° with vigorous outside stirring. 

1 cc. portions of the extract were mixed with 0.4 cc. of the addi- 
tions described in Tables I to X and the mixtures were shaken in 
Warburg vessels at 37° in an atmosphere of O 2 . The measure- 
ment of O 2 consumption was started after an equilibration period 
of 5 minutes. After incubation the samples were fixed vdth 
trichloroacetic acid and the filtrates were analyzed for inorganic 
phosphate by the method of Fiske and Subbarow (5). In some 
cases the filtrates were also analyzed for phosphoglyceric acid by 
the method of Rapoport (6), fructosediphosphate as fructose by 
the method of Seliwanoff as modified by Roe (7),’ and malic and 
fumaric acids by the methods of Straub (8). Free glucose was 
determined by the method of Shaffer and Somogyi (9) in filtrates 
prepared by the West method (10). All values in Tables I to 
X are expressed per 1.4 cc. of reaction mixture. 

Undialyzed Extracts 

Product of Glucose Phosphorylation — Kalckar (2) found that the 
product of the aerobic phosphorylation of glucose, fructose, or 
hexosemonophosphate in extracts containing sodium fluoride was 
mainly fructosediphosphate. This has been confirmed. The 
first product of phosphorylation is presumably a hexosemono- 
phosphate ester, but its formation has not yet been demonstrated, 
because (as may be shown by addition of glucose-1- and glucose-6- 
phosphate) it is either phosphorylated to fructosediphosphate or 
split by phosphatases, whereas the diphosphate, once formed, is 

^ The color given by fructosediphosphate in the method of Roe is only 
44 per cent of that given by an equivalent amount of free fructose; hence the 
fructose found per 1 mg. of P is 180/62 X 0.44 = 1.28 mg. 
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not split very rapidly (Table I). When 1.4 mg. of hexose-6- 
phosphate P was incubated anaerobically with a water extract of 
kidney containing 0.02 m NaF, 0.90 — 0.19 = 0.71 mg. of inor- 
ganic P was formed by dephosphorylation of the added monoester. 
Aerobically the dephosphorylation of the added monoester was 
masked by a rapid reesterification of the liberated inorganic P. 
Fructosediphosphate was formed as indicated by the accumulation 
of an easily hydrolyzable phosphate ester.- Analogous results 
were obtained with a liver extract in the presence of 0.02 m NaF. 

Table I 


Dephosphorylalion of Hexosemonophosphale in Kidney and Liver Extracts 
Rabbit fasted 24 hours. 1 cc. of HjO extract + 1.2 mg. of NaF (0.02 m). 
Total volume 1.4 co. Incubation time 25 minutes. 


Tissue 

Additions 

1 

Anserobic 

Aerobic 

Icori^ttnic 

1 P 

^9 

InoTRanJc 

P 

1 

Additional 
P aplit in 
10 min. in 
N HsSOi 
at 100“ 



I ’na. 



mg. 

Kidney 

Fixed at once 

ISI 

mSm 

isa 

0.02 


None 

Big 



0.10 


Hexose-6-phosphate (1.4 

0.90 

■«I1M 

0.03 

0.27 

1 

mg. P) 





Liver 

Fixed at once 

0.14 


0.14 

0.01 


None 

0.16 

0.01 ! 

0.08 

• 0.04 


Hexose-6-phosphate (1.4 

0.73 


0.25 

0.22 


mg. P) 


1 




In some cases we have found a considerable proportion of the 
product of glucose phosphorylation to be phosphoglyceric acid. 
In fact in one case (Experiment 1 in Table II) in which the kidney 
was minced and washed once with 3 volumes of cold water before 
extraction with phosphate buffer, all of the esterified phosphate 
was accounted for as phosphoglyceric acid. In the presence of 
m/30 sodium fluoride^ (a concentration which inhibited respira- 

* Fructosediphosphate is hydrolyzed 20 per cent by 10 minutes heating 
in N HsSOi at 100°, while hexose-6-phosphate is not appreciably hydrolyzed 
by this procedure. 

’ Fluoride is known to inhibit the transformation of phosphoglyceric to 
phosphopyruvic acid and thus prevents dephosphorylation. 
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tion more than 50 per cent) 0.77 mg. of inorganic P disappeared 
and 0.74 mg. of phosphoglyceric acid P accumulated, correspond- 
ing to 2.15 mg, of glucose; the disappearance of glucose actually 
observed was 1.95 mg. Without fluoride the disappearance of 
glucose was not accompanied by a decrease in inorganic P, because 
the rate of dephosphorylation kept pace with the rate of glucose 
phosphorylation. This experiment also shows that glucose does 
not disappear anaerobically. 

Experiment 2 in Table II shows that glucose is not phosphory- 
lated during oxidation of glyceraldehyde phosphate to phospho- 

Tablb II 

Formation of Phosphoglyceric Acid 

1 cc, of phosphate extract of washed kidney + 10 mg. of glucose. 
Total volume 1.4 cc. Incubation time 65 minutes. 


Expori- 

ment 

No. 

Experimental 

conditions 

Additions 

Oj 

Glucose 

Inor- 
Sanic P 

Phos- 
phogly- 
ceric 
acid F 


1 


1 

c.mm. 

mg. 

mg. 

mg. 

1 


Fixed at once 


10.40 

1.95 

0.06 


Oxygen 

None 

BEHjl 

8.78 

1.97 

0.09 


H 

2 mg. NaF 

■aiil 

8.45 

1.18 

0.79 


Nitrogen 

None 

m 

10.65 

2.19 



tt 

2 mg. NaF 


10.98 

2.25 


2 


Fixed at once 



1.73 

0.08 


Nitrogen 

2 mg. NaF -J- 



1.74 

0.64 



fructosediphosphate 
(0.31 mg. P) + 10 mg. 
pyruvic acid 

1 


1 



glyceric acid, the reaction which is known to be linked tvith 
phosphorylation of glucose in yeast extract. It may be seen that 
addition of fructosediphosphate (which acts as a source of glycer- 
aldehyde phosphate) plus pyruvic acid in the presence of NaF 
led to the formation of 0.56 mg. of phosphoglyceric acid P, but 
there was no disappearance of inorganic phosphate. 

Effect of Adenylic Acid and Cozymase — Both adenylic acid 
(adenine mononucleotide) and cozymase (diphosphopyridine 
nucleotide) are necessary for the aerobic phosphorylation of 
glucose in kidney extracts. This can be shown by aging the 
extracts for 24 hours at 5-10°, which leads to their inactivation. 
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Such extracts can be reactivated by addition of coenzymes. In 
Table III is shown an extract which, when fresh, caused complete 
esterification of the inorganic P originally present; added adenylic 
acid had no effect on respiration or phosphorylation. After aging 
for 24 hours, the oxygen consumption dropped from 420 to 175 

Table III 

Effect of Adenylic Acid 

1 cc. of phosphate extract of washed kidney + 2 mg. of JfaF + 10 mg. of 
glucose. Total volume 1.4 cc. Incubation time 65 minutes. 


Additions 

1 Fresh extract 

24 hr.-old extract 

o. 

Inorsanie 

P 

Oi 

Inorganic 

P 


c.mm. 


c.Tnrj. 

TTlff, 

Fixed at once 





None 

420 


175 


Aden}dic acid (0.001 m) 

400 

BB 

395 

Be! 


Table 17 

Effect of Adenylic Add and Cozymase 
1 cc. of phosphate extract of washed kidney + 2 mg. of NaF + 10 mg. of 
glucose. Total volume 1.4 cc. Incubation time 65 minutes. 


Additions 

4 hr.*oId extract 

24 hr,-oM extract 

(h 

Inorganic 

P 

Oi 

Inorganic 

P 

Fixed at once 

c.mm. 

m{f. 

c.mm. 

mg, 

1.54 

None 


1.66 

114 

1.69 

Adenylic acid (0.001 m) 


1.58 

241 

1.59 

Cozymase (0.0005 m) 

141 

1.68 

Adenylic acid + cozymase 

308 

0.83 

259 

1.13 



c.mm. and no phosphate was esterified. By adding 0.001 m 
adenylic acid, the respiration was restored to the original level 
and the phosphate was completely esterified. 

The experiment shown in Table IV indicates that cozymase is 
also essential for phosphorylation. No phosphorylation took place 
in this extract after it had been kept for 4 hours. Although 
addition of adenylic acid increased the oxygen consumption, it 
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did not restore phosphorylation, but when both adenylic acid and 
cozymase were added, considerable phosphorylation took place. 
In the same extract after aging for 24 hours, adenylic acid alone 
and cozymase alone were ineffective; phosphorylation resulted 
only when both coenzymes were added simultaneously. Adenylic 
acid had much more effect on respiration than did cozymase. 

When the extracts were stored at 0° instead of 10°, coenzymes 
were not so readily destroyed. One extract was active without 
addition of coenzymes after 48 hours at 0°. It became inactive 

Table V 


Effect of Adenosinetriphosphale 

1 cc. of H 2 O extract of kidney + 2 mg. of NaF. Total volume 1.4 cc. 
Incubation time 65 minutes. 


Experimental 

conditions 

Additions 


InorKanio 

P 

Additional 
P split in 
10 min. in 
N HiSO( 
at 100° 


Adenosinetriphosphate, 

fixed at once 



Nitrogen 

(t 





' it 

-f- 10 mg. glu- 

1 0.39 


Oxygen 

cose 

Adenosinetriphosphate 


* 0.31 

0.34 

(t 

tt 

-1- 10 mg. glu- 

0.30 

0.35 

Oxygen j 

cose 

Inorganic P, fixed at once 
“ “4- glucose 

1.47 

1.08 

1 

1 


after 96 hours at 0° but could still be reactivated by adenylic 
acid and cozymase. 

Kalckar (2) has shown that adenylic acid, when added in large 
amounts to kidney extract, is rapidly phosphorylated to adeno- 
sinetriphosphate under aerobic conditions. Although this seemed 
to indicate that adenylic acid acted by accepting inorganic P to 
form adenosinetriphosphate which then donated its mobile phos- 
phate groups to glucose, he could not demonstrate the latter 
reaction in minced kidney cortex. We also have found that 
adenosinetriphosphate does not phosphorylate glucose, either 
aerobically or anaerobically (Table V). The added adenosine- 
triphosphate contained 0.4 mg. of acid-labile P, of which 0.11 mg. 
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disappeared during incubation in nitrogen and 0.06 mg. during 
incubation in oxygen. Addition of glucose did not have any 
effect on the disappearance of the labile P, showing that a reaction 
between glucose and adenosinetriphosphate did not take place. 
That this e.xtract was able to phosphorylate glucose through 
another mechanism is shovm by the fact that, when inorganic 
phosphate was added, 0.39 mg. of inorganic P was esterified. 

Dialyzed Extracts 

When the extracts were dialyzed for 4 hours, they had a very 
low oxygen consumption and did not phosphorylate glucose. 
Addition of adenylic acid and C 02 ymase did not restore either 

Table VI 

Efect of Boiled Kidney Juice 

1 cc. of phosphate extract + 2 mg. of NaF + 10 mg. of glucose. Total 
volume 1.4 ce. Incubation time 65 minutes. 


Other edditiona 

Undialyted 

Dialyzed 

Inor^nmic 

P 

1 

Oi 

Inorganic 

P 

Oj 


mff. 

e,7nm. 

mff. 

c.mn. 

Fixed at once 

1.48 


1.37 


Adenylic acid cozymase 

0.14 

495 

1.46 

67 

Boiled kidney juice («= 1 gm. kid- 





ney) 



0.76 

322 


respiration or phosphorylation (Table "VT). However, when a 
boiled juice of rabbit kidney cortex was added to such an e.xtract, 
the respiration increased very markedly and the ability to phos- 
phorylate glucose was regained. We tried next to determine 
what additions would replace the boiled juice in the reactivation 
of dialyzed extracts. The low oxygen consumption suggested 
that dialysis had removed most of the oxidizable substrate. 

Reactivation hy Mg Ions Plus Oxidizable Substrates — ^Kalckar 
(3) has shown that addition of glutamate, citrate, succinate, fu- 
marate,or malate to undialyzed extracts caused an increase in both 
respiration and phosphorylation. It can be seen in Table "VTI 
that when some of these substrates were added to dialyzed ex- 
tracts, they were not oxidized very rapidly and caused no phos- 
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phorylation of glucose. However, when Mg ions, which had no 
effect when added alone, were added together with Z(4-)-glutam- ' 
ate, the rate of oxidation of glutamate was tripled and 1.44 mg. of 
P were esterified. Similarly, addition of Mg ions increased the 
rate of oxidation of a-ketoglutarate 4| times and caused esterifica- 
tion of 1.25 mg. of P. With succinate. Mg ions doubled the res- 
piration and caused esterification of 0.81 mg. of P. The product 
of phosphorylation was in each case a mixture of fructosediphos- 

Table VII 

Effect of Mg with Various Substrates 
1 cc. of dialyzed phosphate extract 4- 2 mg. of NaF + 10 mg. of glucose 
-f- 0.3 mg. of adenylic acid* -j- 4 mg. of the substrates. Total volume 
1.4 cc. Incubation time 65 minutes. 2.81 mg. of inorganic P initially 
present. 


Additions 

Oj 

Esterified P 

0 . 2 mg. Mg++ 

c.mm. 

52 


i(-j-)-Glutamic acid 

178 


" “ Mg++ 

550 


a-Ketoglutaric acid 

162 


« + Mg++ 

730 


Succinic acid 

276 


" “ + Mg++ 

529 


1-Malic acid 

68 

0 

“ “ -1- Mg++ 

146 

1 

0 

Pyruvic acid 

54 

0 

“ » « + Mg++ 

107 

0 




* Addition of cozymase was unnecessary because it was still present in 
sufficient amount after dialysis. 


phate and phosphoglyceric acid. Control experiments in which 
glucose was omitted from the reaction mixture showed no signifi- 
cant esterification of inorganic P. Table VII also shows tliat mal- 
ate^ and pyruvate were not oxidized very rapidly even with Mg++ 
added, and caused no phosphorylation of glucose. Other substrates 
which did not increase respiration and failed to bring about glucose 

* This negative result with malate (which is due to inactivation of the 
labile malic dehydrogenase) was not an invariable finding. Two extracts 
were obtained in which addition of malate caused a considerable increase 
in respiration and some phosphorylation of glucose. 








Colowick, Welch, and Cori 


367 


phosphorylation were the folio-wing: Z(+)-aspartate, dZ-alanine, 
Z-tryptophane, Z(+)- lactate, fructosediphosphate, and /S-hydroxy- 
butyrate. 

Citrate has been found to cause glucose phosphorylation in the 
same -way as glutamate, ketoglutarate, and succinate. It is 
kno-wn that citrate and glutamate are converted to ketoglutarate 
and that the latter yields succinate in the animal body (11). 
The respiration obtained -with these four substrates in dialyzed 
kidney extract is due to their oxidation and not to a catalysis of 
glucose oxidation, since omission of glucose from the reaction 
mixture does not result in a decrease in respiration. Addition of 
these substrates to NaF-poisoned extracts in catalytic amoimts 
(0.2 mg. per 1 cc. of e,xtract) has very little influence on respiration 
and causes no phosphorylation of glucose. It is possible, however, 
to increase the rate of phosphorylation obtained -with small 
amounts of dicarboxylic acids by addition of lactate and alanine, 
which indicates that the dicarboxylic acids might be concerned 
■with phosphorylation when they act as catalysts for the oxidation 
of other substrates. 

Coupling of Succinic Acid Oxidation with Phosphorylation of 
Glucose — It is particularly interesting that succinic acid oxidation 
causes phosphorylation of glucose in extracts in which malic acid 
has no effect, as shown in Table VII. This means that the de- 
hydrogenation of succinic acid to fumaric acid is connected -with 
the transfer of inorganic phosphate to glucose. An illustrative 
experiment is shown in Table '\'III. Of 4 mg. of succinic acid 
added, 3.7 mg. were accounted for as an equilibrium mixture of 
malic and fmnaric acids. The low respiratory^ quotient also indi- 
cates that there was very little oxidation past the fmnaric-malic 
stage. Moreover, the observ'ed oxygen consumption® (405 — 22 
= 383 c.mm.) was very close to the theoretical value (380 c.mm.) 
for the oxidation of 4 mg. of succinic acid to fumaric acid. In 
the presence of glucose, 0.40 mg. of P was esterified, a reaction 
which must have been connected -with the dehydrogenation of 
succinic acid. 

‘ In this case, total oxygen consumption -tras measured by equilibrating 
the extract for 5 minutes at 37° before tilting in the succinate. This pre- 
liminary warming in the absence of substrate has been found to cause a 
distinct loss of phosphorylating activity without affecting the respiration. 
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Rdle of Fluoride — It has been pointed out that the product of 
glucose phosphorylation in the presence of fluoride is a mixture of 
fructosediphosphate and phosphoglyceric acid. When fluoride 
is omitted, phosphoglyceric acid is rapidly dephosphorylated, as 
shown in Table II, but an accumulation of fructosediphosphate 
still takes place. The experiment in Table IX shows the accumu- 

Table VIII 

Effect of Oxidation of Succinic Acid on Glucose Phosphorylation 
1 cc. of dialyzed phosphate extract + 2 mg. of NaF + 0.3 mg. of adenylic 
acid. Total volume 1.4 cc. Incubation time 65 minutes. 1.48 mg. of 
inorganic P initially present. 


Additions 

0: 

n.Q. 

Esteri- 
fied P 

Fumar- 
ic acid 

Malic 

acid 

None 

4 mg. succinic acid + 0.2 mg. Mg++ . . . 

c.mm. 

22 

405 



mm 

mg, 

3.07 

4 " +0.2 “ “ 

+ 10 mg. glucose 

1 

396 


i 

0.40 




Table IX 

Phosphate Ester Accumulation without Fhioride 


1 cc. of dialyzed phosphate extract + 10 mg. of glucose + 0.3 mg. of 
adenylic acid. Total volume 1.4 cc. Incubation time 65 minutes. 1.35 
mg. of inorganic P initially present. 


Additions 

0 

Qo, 

Esteri- 
fied P 

Fruc- 

tose 

None 

1 

c,mm, 

30 

1 

mg, 

0 

mg, 

0.02 

4 mg. Qf-kctoglutaric acid + 0.2 mg. Mg++ 

1404 

41 

0.88 

0.84 

4 “ “ “ + 0.2 " " 

+ NaF (m/30) 

656 

19 

1.31 

1.31 


lation of 0.88 mg. of esterified P in the absence of fluoride; the 
fructose reaction indicates that the product is mainly fructosedi- 
phosphate. In a similar experiment with an undialyzed extract, 
of 3.29 mg. of inorganic P added 1.23 mg. of esterified P accumu- 
la^[;ed in the absence and 2.09 mg. in the presence of fluoride. 
Kalckar states that addition of fluoride is necessary to prevent 
the splitting of the phosphorylated products by phosphatases, 
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but it is evident from the anaerobic experiment in Table I that 
fluoride does not prevent phosphatase action in kidney and liver 
extracts. It seems that the chief action of fluoride in this system 
is the prevention of the breakdown of phosphoglyceric acid by 
way of phosphopyruvic acid. 

When fluoride is omitted, the oxidizing ability of the dialyzed 
extracts is remarkably high and may surpass that of kidney slices. 
The dialyzed extract shonm in Table IX, which had a spontaneous 
Qo, of only 1 c.mm. per mg. of dry weight of extract per hour, 
gave a Qo, of 41 on addition of ketoglutaric acid plus Mg"*^. 

Nature of Mg^ Effect — Although Mg ions have been known 
to accelerate a number of enzymatic processes involving transfer 

Table X 

Comparison of Mg^ with Mn*^ 

1 cc. of dialyzed sodium phosphate extract + 10 mg. of glucose + 0.3 
mg. of adenylic acid + 2 mg. of NaF. Total volume 1.4 cc. Incubation 
time 65 minutes. Mg and Mn added as sulfates. 1.34 mg. of inorganic P 
initially present. 


Additions 

0. 

E»t«riBed P 

None 

C.mm, 

38 

my, 

0 

4 mg. Z(-f')-glutaniic acid 

220 

n 

4 “ " ’ “ +0.2 mg. Mg++ 

448 


4 “ “ " +0.02 " a£i++ 

520 




of phosphate groups, it was not recognized until recently that Mg 
ions also have a very strong activating effect on certain dehydro- 
genases. Von Euler and collaborators (12) have shonm that iso- 
citric dehydrogenase is activated by Mg++, and Ochoa (13) has 
recently found that pyruvate oxidation in brain is markedly stim- 
ulated by Mg+-*'. In the present experiments the activating 
effect of Mg++ on isocitric dehydrogenase has been confirmed and 
a marked activating effect on glutamic, ketoglutaric, and succinic 
dehydrogenases has been shown. 

The small amount of Mg++ still present after 4 hours dialysis 
is sufficient to permit considerable dehydrogenase actmty in some 
cases, but is not sufficient for phosphorylation of glucose. For 
example, in Table ^TI, succinic acid is oxidized at an appreciable 
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rate \vithout added Mg++, while phosphorylation occurs only 
after addition of Mg++. The experiment in Table X indicates 
that the effect of Mg++ on glucose phosphorylation cannot be 
attributed solely to an acceleration of oxidation, since Mn++ 
has an even stronger effect than Mg++ upon respiration but is 
much less effective in causing phosphorylation of glucose. It 



Fig. 1. Effect of Mg++ on oxidation of a-ketoglutarate. 1 cc. of dialyzed 
kidney extract + 0.3 mg. of adenylic acid + 10 mg. of glucose + 2 mg. of 
NaF + 4 mg. of ketoglutaric acid. Total volume 1.4 cc. In curves marked 
with triangles the reaction mixtures contained 3 mw K’*' and 200 mji Na'*'; 
in curves marked with circles 140 mw K'*' and 35 mw Na"'". The dashed 
curve shows the respiration without ketoglutaric acid. 

should also be pointed out that the activating effect of Mg++ 
in this system is not due to an overcoming of an inhibitory effect 
of Na+, as Ohlmeyer and Ochoa (14) found for the reaction between 
phosphopyruvic acid and adenylic acid. This is shown in Fig. 
1, in which the Mg++ effect is just as great in the presence of an 
excess of K+ as in an excess of Na+. One may assume that Mg++ 
has two effects as a component of the phosphorylating system of 
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kidney; it accelerates the oxidation of the dicarhoxylic acids and 
it is necessary for the reaction by which phosphate is transferred 
to glucose. 

DISCUSSION 

It is of interest to compare the aerobic mechanism for glucose 
phosphorylation in kidney with the anaerobic mechanism in 
other systems.- Phosphorylation of glucose in yeast is dependent 
on simultaneous dehydrogenation of glyceraldehyde phosphate 
by cozymase and takes place anaerobically if a hydrogen acceptor 
(acetaldehyde) is available. The same “coupled reaction” has 
been sho-wn to take place in a number of tissues (er 3 d;hroc 3 rtes 
(15), tumor (16), retina (17), brain (18), embryo (19)) which break 
down glucose anaerobically. In all these cases the reaction de- 
scribed by Negelein and Bromel (20) occurs; glyceraldehyde phos- 
phate reacts -with inorganic phosphate and is converted to glyceric 
acid-1 ,3-diphosphate, one phosphate group of which is trans- 
ferred to glucose over the adenylic acid system. Although kidney 
extracts are able to form phosphoglyceric acid anaerobically by 
dismutation of glyceraldehyde phosphate and pyruvic acid, a 
simultaneous phosphorylation of glucose cannot be demonstrated. 

It is e-vddent that phosphorylation of glucose in kidney extracts 
is not dependent on the dehydrogenation of glyceraldehyde phos- 
phate but on the oxidation by molecular oxygen of any one of a 
number of dicarboxylic acids. It is possible that it is the oxidation 
of succinic to fumaric acid (a reaction common to the otidation of 
all of the effective substrates) which brings about phosphorylation 
of glucose. In Szent-Gyorgyi’s theory of cellular respiration the 
transport of hydrogen involves the pair succinic fmnaric acid 
as a link to the cytochrome system. The oxidation of a number 
of substrates involving fumaric acid catalysis might therefore 
cause phosphorylation. 

There is good evidence that the aerobic mechanism here de- 
scribed is also present in liver. This mechanism serves for the 
phosphorylation of glucose and is thus connected with glycogen 
synthesis. It also serves for the phosphorylation of fructose and 
glycerol, and explains why in previous experiments with liver 
slices (21, 22) a conversion of these substances to glucose occmred 
only under aerobic conditions. 
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SUMMARY 

1. Kalclcar’s finding that the esterification of glucose with in- 
organic phosphate in cell-free Iddney extract occurs only under 
aerobic conditions has been confirmed. The product which ac- 
cumulates in the presence of sodium fluoride is a mixture of fruc- 
tosediphosphate and phosphoglyceric acid. Anaerobically no 
phosphorylation occurs either during dismutation of added triose- 
phosphate and pyruvic acid or upon addition of large amounts 
of adenosinetriphosphate. 

2. The following are essential components of the aerobic phos- 
phorylating system, as determined by reactivation of aged or 
dialyzed extracts; (o) an oxidizable substrate, such as citrate, 
glutamate, ketoglutarate, or succinate; (5) at least two coenaymes, 
namely adenylic acid and cozymase; adenylic acid has a marked 
stimulating effect on both respiration and phosphorylation; 
(c) Mg ions, which are necessary for both the oxidation of the 
substrates mentioned and for the transfer of phosphate to glucose. 

3. Malate, pyruvate, lactate, fructosediphosphate, df-alanine, 
Z-tryptophane, Z(-l-)-aspartate, and fl-hydroxybutyrate are not 
rapidly oxidized in dialyzed extracts and do not cause phosphoryla- 
tion of glucose. 

4. The activating effect of succinate in extracts which are not 
reactivated by malate indicates that the transfer of inorganic phos- 
phate to glucose is connected with the dehydrogenation of succinic 
to fumaric acid. It is suggested that a number of substrates 
whose oxidation involves fumaric acid catalysis may be concerned 
with glucose phosphorylation. 

We are indebted to Dr. Meyerhof and Dr. Ohlmeyer for a sample 
of pure cozymase and to Dr. Lipton for the a-ketoglutaric acid. 
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A significant discrepancy in the results of investigators who have 
studied the effects of various conditions on the rate of splitting 
of choline esters by enzyme preparations has apparently been 
generally overlooked. Studies of whole blood or tissue extracts 
by Plattner and Hintner (1), Galehr and Plattner (2), and others, 
at low substrate concentrations and with bioassay methods, gave 
activities greater (by about 10 times) than indicated by extrapola- 
tion of the data for horse (3-5) and human (6) serum preparations 
obtained at high substrate concentrations and with chemical 
assay methods (7, 8). The fact that the reaction kinetics for all 
types of enzyme preparations and experimental conditions were 
compatible with the Michaelis-Menten relationship (9-11) has 
overshadowed the differences between the enzyme preparations. 
Stedman et al. (12, 13) measured cell enzyme actmty because 
they realized that the serum enzyme could not account for the 
actmty of whole blood, particularly at low substrate concentra- 
tions, but did not make clear that the cell enzyme actmty observed 
was insufficient to account for the reported results at low substrate 
concentrations unless the cell enzyme behaves differently with 
changed experimental conditions than does serum enzyme. 
Stedman et al. (12-15) compared the activities of serum and cell 
enzyme, using the method for serum enzyme, but did not establish 
that the activity of whole blood is equal to the sum of their sepa- 
rate effects. We have fotmd this to be true, if care is taken to keep 
the conditions of titration the same for both types of preparations 
and to express the results on a comparable basis in terms of the 
amount of blood from which each type of preparation is derived. 

In addition to establishing that the enzymes from serum and 
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from blood cells are qualitatively different, our experiments showed 
that the greater part of the acetylcholine, which may be injected 
into the blood stream or may diffuse into it from tissues inner- 
vated by cholinergic fibers, is hydrolyzed by the enzyme within 
the blood cells. Galehr and Plattner (2) came to this conclusion 
from direct measurements of the relative activity of blood cells 
and serum by bioassay at small substrate concentrations, but their 
findings have been neglected because they were in apparent con- 
tradiction to the more precise measurements made at high sub- 
strate concentrations. 

In the present work, the serum and cell enzymes of human blood 
were found to be unlike in their behavior in four types of experi- 
ments: (1) a study of the activities with acetylcholine and four 
of its methyl derivatives as substrates, (2) a study of the effect 
of altering pH, (3) measurements of the activities at different 
concentrations of acetylcholine, (4) determination of the activat- 
ing effect of sodium chloride on hydrolysis. 

Apparatus and Methods 

Estimations of enzymatic activity by biological assay of residual 
acetylcholine ion in reaction mixtures (e.g., see Englehart and 
Loewi (16), Plattner and Hintner (1), and Ginsberg, Kohn, and 
Necheles (17)), have inherently low precision and are much more 
time-consuming and expensive than those depending on chemical 
methods. The eight chemical methods (6-8, 13, 18-21) of enzyme 
assay which have been used depend on the fact that one of the 
products of the reaction is acetic acid. They differ in details of 
temperature, pH, and substrate kind and concentration, but have 
in common the fact that relatively high substrate concentration 
is necessary to provide sufficient acid on hydrolysis for chemical 
detection. 

Continuous titration, with a glass electrode-vacuum tube po- 
tentiometer sensitive to 0.01 pH unit (Beckman pH meter), was 
selected as the chemical technique of the greatest precision, 
simplicity, and versatility, with least danger of interference from 
added reagents or manipulation. Since Glick (6) had not de- 
scribed his technique of electrometric titration with the glass 
electrode at the time this work Avas started, the conditions selected 
for titration differ in some respects from his. 
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After study had shown that no material increase in accuracy could 
be attained under other conditions, the pH (7.40) and temperature 
(37°) for routine titrations were chosen to approximate physiologic 
values. The titration volume was 25 ml. and the standard 
substrate concentration was 0.160 m. The titration vessel was 
a jacketed glass tube wanned by circulating water, and the con- 
tained solution was kept well stirred with a glass paddle. Elec- 
trodes were immersed in the solution, their design and small size 
insuring their rapidly coming to temperature equilibrium, and the 
calomel half-cell liquid jimction was then rinsed afresh to main- 
tain the saturation of the KCl solution. 

After the warmed reagents were mixed, the pH was quickly ad- 
justed and maintained within ±0.10 pH unit by small additions 
of 0.02 N NaOH from a 5 ml. burette. Readings to the nearest 
second of time required for consmnption of measured amounts of 
alkali furnished data from which total hydrolysis rates could be 
calculated. Readings were continued until the desired accuracy 
was obtained. Usually 10 to 20 minutes gave values duplicable 
within ±2 per cent. “Rates" were calculated as volumes of 
0.0200 N NaOH used in 20 minutes, in conformity with the Sted- 
man (7) procedure. Blanks, calculated from the pH-alkaline 
hydrolysis relationships given in the experimental part, were 
subtracted from total hydrolysis rates. The value of the blank 
rate under standard conditions, with acetylcholine ion as substrate, 
was 0.085 ml. 

The iodides of acetylcholine and its derivatives were used for 
preparing the substrate solutions, as they are stable and non- 
hygroscopic. In contradiction to the results of Roepke (4), it 
was found by trial that iodide ion does not interfere. The 0.0200 
M stock of acetylcholine iodide ordinarily used was adjusted to 
pH 4.0. This solution changes only just detectably at room tem- 
perature during a month, presumably by oxidation, since calcula- 
tion by extrapolation from reaction rate constants measured at 
higher pH values indicated the hydrolysis due to OH' ion to be 
less than 1 per cent per year at this pH and a temperature of 37°. 

Preliminary Experiments 

1. Enzyme Stability — Many investigators have foimd that 
blood enzyme preparations keep well, but it appeared desirable 
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to verify this conclusion for our particular conditions, and to ex- 
tend the time interval. Accordingly, venous blood samples, laked 
in water containing 1:100,000 phenylmercuric acetate and kept 
at 7°, were tested at intervals under standard conditions. The 
results are given in Table I and it may be seen that they are quite 
stable. The sample of December 18, 1936, Enzyme G, may have 
decreased in potency, but these differences do not provide definite 
proof of deterioration. Samples of the same serum (human) 

Table I 


Enzyme Slahility 


Enzyme 

Dilution 

Test date 

Rato 

Daviotion 
from mean 




■■1 

per cent 

E 

1:25 



1.2 



“ 11 


0.0 



" 23 

0.79 

-1.2 

F 

1:5 

Nov. 6 

0.434 

-1.85 



« 7 

0.447 

1.08 



“ 14 

0.432 

-2.31 



“ 14 

0.448 

1.31 



“ 16 

0.444 

0.41 



27 

0.448 

1.31 

G 

1:5 

Dec. 18 

0.560 

4.09 



“ 19 

0.553 

2.79 



" 23 

0.533 

-0.93 



" 31 

0.548 

1.86 



19S7 





Jan. 5 

0.522 

-2.98 



" 12 

0.511 

-5.02 


kept under aseptic conditions, undiluted and diluted 1:5 with 
water containing 1 : 100,000 phenylmercuric acetate, gave titration 
values of 0.448 and 0.443, respectively, after 21 days at 7°. 

2. Inactivation by Heat — Controls were run with heated enzyme 
preparations from the blood of two persons to determine whether 
other constituents of the preparations would contribute to the 
blank values. Serum, or washed red blood corpuscles laked in 
water, heated to 60° for 10 minutes, when titrated at pH 7.4, 
8.0, 8.6, and 9.2 under otherwise standard conditions, gave rates 
identical to those of control runs without enzyme under the same 
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conditions, within the expeiimental error. However, whole 
blood diluted 1:5 with saline containing the usual presen’-ative, 
or washed corpuscles suspended in the saline to 5 times the volume 
of the blood from which they were taken, and heated to the same 
extent, were not completely inactivated, about 14 and 26 per 
cent of the original activity of these preparations remaining at 
pH 7.4. On longer heating (60°, 50 minutes) they became com- 
pletely inactive. 

3. Relative Activity of Serum, Blood Cells, and Whole Blood 
under Standard Conditions — The contribution of serum and of 


Table II 

Disiribulion of Enzyme in Blood 



Subject 

i From 0.2 ml. blood 

Serum + 
cells 

Whole 

Hatio, 
eeruin to 


Serum 

Cells 

0.2 mb 

blood 

Males 

G. A. 

0.50 

0.30 

0.80 

0.80 

0.62 


H. M. 

0.55 

0.31 

0.86 

0.90 j 

0.61 


C. B. 

0.47 

0.35 

0.82 

0.84 1 

0.56 


G. P. 

0.49 

0.36 

0.85 

0.87 

0.56 

Females 

M. K. 

0.43 

0.34 

0.77 

0.74 

0.58 


V. K. 

0.42 

0.35 

0.77 

0.83 

0.52 


M. B. 

0.39 

0.28 

0.67 

0.65 

0.60 


G. W. 

0.53 



0.89 

0.67 

Average 

0.79 

0.80* 

0.590 


* The figure for G. W. was left out of this average. 


cells to the enzymatic acthdty of whole blood was measured for 
eight adults, foiu- male and four female. The data are shown in 
Table II, where the “rates” given are calculated to show the 
actirdty per 0.2 ml. of defibrinated whole blood. The figure for 
serum plus cells is the siun of the separate titration values. 

To prepare the blood fractions tested, venous blood was added 
to 4 parts of saline, shaken with glass beads, and allowed to stand 
several hours to precipitate fibrin, and then strained through gauze 
into calibrated centrifuge tubes. The sample for the whole blood 
titration was removed, the remainder centrifuged well, and then 
the cell and total volumes measured. The diluted serum was 
separated; the cells were washed twice with saline and then sus- 
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pended in water sufficient to make the volume equal to the meas- 
ured total volume. Aliquots of these separated materials were 
taken for the titrations. The error of estimation of volume in the 
tubes used is about =fc3 per cent, so the results should be accurate 
within =t5 per cent. The enzyme in the serum is a moderately 
constant proportion of the total (one nonnal person, studied later, 
formed an exception) and washing the cells did not cause loss of 
appreciable quantities of enzyme. Our data agree with those of 
Stedman and Stedman (13) on the magnitude and extent of 
variation of the ratios of serum to whole blood activities, if the 
values for their Subject 1 are omitted, but we are somewhat un- 
certain how to interpret their data, since their values for serum 
plus corpuscles do not equal the values for whole blood. Our 
figures for the sum of serum and cell activities equal those for 
whole blood, although it will be seen later that this is true only 
because of the fortunate selection of conditions of titration in 
which the difference in NaCl content of the enzyme preparations 
had only a slight effect on their determined activities. 

4- Surface Hydrolysis on Blood Cells— Cellular debris from a 
laked washed blood cell enzyme preparation was removed by 
centrifuging and washed with saline, then tested for enzymatic 
activity. There was no detectable increase in hydrolysis over 
the control amount, and the activity of the precipitate was cer- 
tainly less than 2 per cent of that of the laked cell preparation 
from which it was derived. Without doubt, the enzyme of the 
blood cells is a soluble substance (or substances) which does not 
diffuse through the intact cell wall. Galehr and Plattner (2, 22) 
suggested that the hydrolysis of acetylcholine ion by red blood 
cells might be a surface catalysis analogous to that which they 
observed when using charcoal. Our experiment, together with the 
fact that the blood cell enzyme is completely destroyed by moder- 
ated heating, makes it quite certain that any non-specific hydrol- 
ysis by these preparations is negligibly small. 

Experiments with Varied Substrates and Effect of Changes of pH 

Alkaline Hydrolysis— Both, the hydroxyl ion and enzymatic 
hydrolyses of acetylcholine, its a- and /9-methyl derivatives, and 
the erythro and three forms of its a, /9-dimethyl derivatives were 
measured at various pH levels. The iodides of all the acetyl- 
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choline derivatives used vrere prepared from the corresponding 
dimethylamino alcohols by treatment vdth acetic anhydride and 
then methyl iodide (Table III). 

Table IV shows the results of experiments on alkaline hydrolysis 
rate, at various pH values, with 20 ml. of 0.02 n substrate solution 
in a total volume of 25 ml. at 37.0°, in terms of the specific reaction 
rate constant fc, calculated from the first order equation (25), 
—dc/dt = kc, or In co/c = kt, and k = rate/10’ X m, wherein 
rate is the titration figure in ml. of 0.02 n alkali for 20 minutes, 
m the average of beginning and end miUimolal amounts of sub- 
strate (the changes of the substrate concentrations were small, so 

Table III 


Preparation of Iodides of Acetylcholine Derivatives 


Compound of acetylcholine 
iodide 

SLp, 

Dimethylamino alcohol prcjjared from 

a-Methj'l 

•c. 

137-138 

125-126 

150 

108 

2- Dimethylamiiio-l-propanol, b.p. 140- 
141“* 

' l-Dimethylammo-2-propanol, b.p. 124- 
125° 

3- Dimethylamino-2-butanol, b.p. 152- 
153°t 

3-DimethyIaniino-2-butanol, b.p. 141- 
142°t 

^-Methyl 

Erythro-a,p-dimethyI . . . 

Threo-a, ^-dimethyl 


* Karrer el al. (23). 
t Wilson and Lucas (24). 


that the error introduced by taking the arithmetic average instead 
of the exact value, namely the difference between the initial and 
final concentrations dmded by the natural logarithm of their ratio, 
was negligible), co is the initial concentration, and c the substrate 
concentration at t minutes after the beginning of observation. 
The equations given were obtained from the data by least squares. 
With acetylcholine itself, observations were also made with con- 
centrations 0.5 and 2 times that used for the data given in Table IV, 
and the specific reaction rate constants were the same, well within 
the limits of error of the titration. 

Three batches of acetylcholine iodide (Hoffmatm-La Roche) 
were used; one had been freshly reciystaUized from ethanol. All 
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Table IV 


Alkaline Hydrolysis 

Temperature 37°; total volume 25 ml.; compound, mM. 


Compound 

Amount 

pH 

“Rnto" 

k ■ 10» 

Logio k 

Equation, logio k = 

Acetylcholine 

0.399 



0.23C 

-3.64 

1.006 (pH) - 

- 11.111 


0.398 

7.40 

0.0860 

o. 2 ie 

-3.67 



0.400 

7.40 

0.0892 

0.224 

-3.65 




0.346 



0.411 

-3.39 




0.395 



0.833 

-3.08 




0.395 

8.20 

n 

1.47 

-2.83 




0.392 

8.20 

0.513 

1.31 

-2.88 




0.386 

m 

1.389 

3.60 

-2.44 




0.367 


3.25 

8.86 

-2.05 




0.380 

9.00 

3.44 

9.06 

-2.04 




0.376 

wm 

m 9 

8.46 

-2.07 



a-Methyl 

0.398 



0.243 

-3.615 

0.9776 (pH) - 

- 10.870 

acetylcholine 

0.349 

7.40 


0.211 

-3.676 




0.397 

Mg 


0.235 

-3.629 




0.375 

KB 

an*? 

0.221 

-3.655 




0.394 

8.00 

0.351 

0.891 

-3.050 




0.351 



0.855 

-3.068 




0.392 

8.00 

0.373 

0.951 

-3.022 




0.196 

8.00 

0.1945 

0.993 

-3.003 




0.388 

8.60 

1.305 

3.36 

-2.473 




0.357 

8.60 

1.171 

3.28 

-2.484 




0.383 

8.60 


3.61 

-2.443 




0.372 

9.20 

4.83 


-1.886 



/3-Methyl ace- 

0.399 

7.40 

0.030 


-4.124 

0.9535 (pH) - 

11.208 

tylcholine 

0.397 

8.00 

0.101 


-3.594 




0.377 

8.00 

0.095 


-3.599 




0.393 

8.60 

0.364 


-3.033 




0.385 

9.20 


ffiSI 

-2.409 



Erythro-a:,(8- 

0.400 

Wl 


H •> 

-3.778 

0.6045 (pH) - 

8.035 

dimethyl 

0.398 

K i 

s 

W !. t 

-3.535 



acetylcholine 

0.400 




-3.212 




0.398 

Wi 

SI 


-3.182 




0.396 


Wsk 

SR s 1 

-3.158 




0.397 

wS 


1.51 

-2.822 




0.386 


B 

1.14 

-2.943 




0.392 


B 

1.37 

-2.863 




0.391 


B 


-2.678 




0.373 

wS 

B 


-2.508 




0.381 

lg 


5.20 

-2.284 
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Table IV — Concluded 


Compound 

Amount 

pH 

"Rate*’ 

k ■ KB 

Logu k 

Equation* logu k *= 

Threo-QTjp- 

0.400 

BE 





dimethyl 

0.398 


0.131 


-3.483 


acetylcholine 

0.398 


0.114 


-3.543 





fiiriBfi« 

HESS 

-3.645 



0.396 

8.50 

0.296 

0.748 




0.394 

8.60 

0.286 

0.726 

-3.139 



0.394 

KiUtll 

tmittii 

2.38 

-2.624 



0.390 

9.20 

1.11 

2.84 

-2.546 







-2.492 



the data obtained with these three solutions are given in Table W. 
A solution which had been stored 6 months at room temperature 
in the dark in a rubber-stoppered Pyrex flask was also titrated, 
and gave a value of k at pH 7.4 which was 4.1 per cent below that 
calculated from the equation given. This is within the limi t of 
error for a detennination at this pH. 

These data furnish e\’idence that the relationship between com- 
pound concentration, hydroxyl ion concentration, and hydrolysis 
rate is, in fact, —dc/dt = k' • c - (OH"), or that the reaction 
follows the expected bimolecular law (25), for acetylcholine, for 
the a-methyl-substituted compoimd, and perhaps for the jS-methyd 
compound also.* 

In preliminary experiments we obser\'ed that when fresh solu- 
tions of the a-methyl compound were used the rate constant k 
gradually decreased from the value at the start of the run to a 
value which was 22 per cent lower in an hour at 37° and pH 7.4; 
while with solutions which were aged several days at room temper- 
ature, or overnight at 37°, the rate constant started at the lower 
value and remained constant for more than an hour. To obtain 
more uniform results, aU solutions of these four compmmds were 
thereafter incubated 18 hours at 37° in tightly stoppered Pyrex 
flasks before use. The acid liberated during this incubation in no 

t)ur interest in data for the alkaline hydrolysis of these compounds 
was primarily to obtain reliable figures to correct the enzymatic hydroly- 
sis titrations for this factor, and we did not investigate the anomalous 
beha^or (departure of the slopes of the equations of Table R’' from 1) of 
the dimeth5'l-substituted compounds. 
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case amounted to more than that which would have been released 
by the hydrolysis of 2 per cent of the compound present. The 
incubated solution of a-methyi acetylcholine iodide, stored at 



Fig. 1. Point diagrams (A and B) showing enzymatic hydrolysis versus 
pH for separated serum and blood cell enzymes from bleedings of two indi- 
viduals. The substrates for the respective curves were I, acetylcholine 
iodide; II, a-methyl acetylcholine iodide; III, /3-methyl acetylcholine 
iodide; IV, erythro-a, /3-dimethyl acetylcholine iodide; V, threo-a,P- 
dimethyl acetylcholine iodide. The upper part of each diagram shows 
serum values and the lower, cells. 

room temperature in the dark, gave the same value of k at pH 
8.0, within 1 per cent, 6 days later. All experiments on the 
enzymatic hydrolysis of the various compounds were completed 
within 13 days of making up the solutions. 
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Enzymatic Hydrolysis — ^For experiments - on the enzymatic 
hydrolysis of the various substrates, the enzyme preparations 
were made up by the technique described under “Preliminary 
experiments,” Section 3, except that no whole blood sample was 
taken. 

The enzymatic rates corrected for pipette error, and in the case 
of serum reduced to the amount from 0.2 ml. of defibrinated whole 
blood, are shown in Fig. 1. It should be noted that the accuracy 
of the titrations decreases rapidly above pH 8.0, because the cor- 
rection for alkaline hydrolysis becomes such a large fraction of the 
total hydrolysis, and also because the unavoidable slight fluctua- 
tions of pH around the value selected for titration have a much 
more marked effect on alkaline than on enzymatic hydrolysis. 

Whole blood titrations had been run with this same set of sub- 
strates on the same two persons a year pre\'ious to our discovery 
of the difference between serum and ceU enzymes. The sums of 
the activities of serum and of cell enzymes were in excellent agree- 
ment with the former titrations. Formerly it was considered 
necessary to assume that the enzymes from these persons were 
qualitatively different, in order to account for the observed differ- 
ences in behavior with the different substrates. The data for the 
fractions show, however, that the difference between them lay 
wholly in the different proportion of serum and cell enzyme. 
The person who pro\’ided the enzyme of B (Fig. 1) is the one 
referred to under “Pre limin ary experiments,” Section 3, whose 
serum to whole blood ratio is abnormally low. 

These data show a striking qualitative difference between the 
enzymes of serum and of blood cells. Serum enzyme has almost 
no activuty toward the /3-methyl-substituted compoimds under 
these titration conditions, whereas the cell enzyme is more active 
toward /3-methyl acetylcholine than toward acetylcholine. 

Experiments at Various Substrate and Sodium Chloride 
Concentrations 

Enzyme preparations for these experiments were made from 
venous blood by the technique described. After preliminaiy ex- 
periments showed a marked difference between the sum of serxun 
and blood cell activities and that of whole blood in the region of 
0.01 niM of acetylcholine ion per 25 ml., 1 ml. of 0.85 per cent NaCl 
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was added to some cell enzyme titrations to bring the salt concen- 
tration approximately up to that of the serum. By thus main- 
taining equivalent conditions in all titrations, the greatest dis- 
crepancy (about 12 per cent), at any point in the concentration 
range, between the activity of whole blood and the sum of serum 
and cell activities was within the limit of experimental error. 
The greatest effect of this small concentration of NaCl (0.034 per 
cent) amounted to an increase of rate of 64 per cent over that 
without the addition. At the standard test level of acetylcholine 
ion concentration it was only 16 per cent. In some of the experi- 
ments, NaCl sufficient to give a final concentration of 0,85 per cent 
(4.0 ml. of 5.1 per cent, or 5.3 per cent, as required) was added to 
the mixtures. All titrations were carried out in a 25 ml. volume 
at pH 7.40, and at 37°. 

Experiments confirmed the observation of Stedman and Sted- 
man (13) that laking the cells does not alter their activity, and 
extended it to apply over the range of acetylcholine ion concen- 
trations studied, from 0.016 m to approximately 4 X 10~® m 
(the greatest deviation in any experiment was 7 per cent). To 
avoid confusion, only the data for the runs in which the cells 
were laked are shown. 

The enz 3 Tnatic rates, corrected for pipette error, and in the case 
of serum reduced to the amount from 0.2 ml. of defibrinated whole 
blood, are shown in Fig. 2. The hydrolysis rates at levels below 
0.004 millimole are not corrected for choline ion inhibition. They 
were measured in mixtures containing 0.004 millimole of acetyl- 
choline iodide initially. The inhibition by choline ion is negligible 
at the higher concentration levels, on account of the high ratio 
of acetylcholine ion to choline ion at the time of the start of each 
run when readings were taken. The actual initial rates, obtained 
by back extrapolation in a few cases, were not appreciably different 
from the figures given. A dotted line in Fig. 2 marks the 0.004 
millimole per 25 ml. level (0.00016 m). Very similar results were 
obtained when these experiments -were repeated with blood from 
another person. 

The activity of serum and of cells toward acetylcholine ion is 
affected differently by alteration of its concentration, the cell 
enzyme being several times more active at low substrate concen- 
trations, and being inhibited by excess substrate. The results 
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are in accord with the experiments of other investigators who 
have studied the behavior of tissue extracts, of serum, and of 
whole blood at various substrate concentrations, if one assumes 
that the tissue preparations used by Plattner and Hintner (1) 
contained a considerable proportion of enayme having a charac- 
teristic like that of the human blood cell enzjrme. Also, 0.85 



Fig. 2. Enzyme from subject C. B., October 9, 1937. Curve I, whole 
blood; Curve II, serum; Curve III, laked blood cells; aU at approximately 
0.034 per cent NaCl. The curves marked -S are for the corresponding 
enzyme preparations tested in the presence of 0.85 per cent NaCl. 

per cent NaCl affects the cell enzyme markedly (average maximum 
change for three enzyme preparations tested, 82 per cent) over 
part of the concentration range, and the serum enzyme much less 
and in the opposite direction (greatest change observed, 17 
per cent). 

For the sake of completeness, the same enzyme preparations 
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were examined for the effect of pH variation, with and without 
NaCl additions. The enzymatic rates, corrected for pipette 
error, and in the case of serum reduced to the amount frona0.2nil. 
of defibrinatcd whole blood, are shown in Fig. 3. These titrations 
were run under standard conditions, except as indicated. 

Because of the possibility that inhibition by liberated choline 
ion (4, 5) may greatly affect the shape of the curves obtained at 
low substrate concentrations (below 0.0040 millimole per 25 ml.), 
and because the accuracy of our method is not great, due to the 



Fig. 3. Enzyme from subject C. B., October 9, 1937. Curves I, II, and 
V represent whole blood, serum, and cells respectively, at 0.034 per cent 
NaCl; Curves III and VI, serum and cells at 0.85 per cent NaCl; Curve 
IV, cells with no added NaCl, 

buffer action of the enzyme preparations, under these same con- 
ditions, we have not attempted to calculate the enzyme-substrate 
equilibrium constant for the blood cell enzyme from our data. 
Some experiments done with a whole blood preparation indicated 
that choline ion inhibition of cell enzyme is appreciable, but we 
have not considered it worth while to present the data because 
of the difficulties of interpretation introduced by using the mixed 
enzymes. 

DISCUSSION 

Since Ginsberg, Kohn, and Necheles (17) have shown that 
washed pus cells are inactive toward acetylcholine ion, it is prob- 
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able that the acti\aty in blood cell enzyme preparations derives 
from the erjdhrocytes. We are unable to suggest any special 
physiological function that these cells possess ^Yhich requires the 
presence of cholinesterase, other than that also attributed to the 
serum cholinesterase of preventing the circulating blood from 
transmitting a local actmty of cholinergic nerve endings to remote 
sites. Since by far the greater part of the blood actmty under 
normal physiologic conditions appears to reside in the cells, it is 
possible that the plasma ser\’es chiefly as a reservmir for the dis- 
tribution and equilibration of tissue cell enzjTne. In this connec- 
tion it is interesting that Click (26) foimd the cholinesterase of the 
superior cendcal ganglion of the cat behaved like serum enzjone 
in its substrate-concentration-activity relationship. 

Our findings suggest that caution must be used in the interpre- 
tation of cholinesterase estimations found in the literature vrith 
reference to physiologic function or to alterations in various 
physiologic or disease conditions. 

SUMMAHT 

1. A simple, constant acidity, continuous titration techruque, 
with a glass electrode, furnishes an accurate method of determining 
the cholinesterase activity of blood samples over a considerable 
range of experimental conditions. 

2. A striking qualitative difference between the enzymes of 
serum and of cells of human blood is shown in their relative acthd- 
ties upon acetylcholine and its methyl derivatives. 

3. With regard to alteration of acetylcholine substrate concen- 
tration, the enzymes of serum and of cells of hiunan blood behave 
quite differently; at low acetylcholine concentrations the cell 
enzyme is of chief importance for the hydrolysis of acetsdcholine 
by whole blood. 

4. The serum and cell enzymes of hiunan blood vary differently 
in their activities with regard to changes of pH and salt content of 
their environment. 

5. Since the serum and cell enzymes of whole hmnan blood differ 
importantly, studies on either enzyme alone are inadequate to 
value the r61e played by the cholinesterase activity of whole 
blood. 
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CONVENIENT PROCEDURES FOR THE PREPARATION 
OF ANTIHEMORRHAGIC COMPOUNDS 

By LOUIS F. FIESER 

{From the Converse Memorial Laboratory, Harvard University, Cambridge) 
(Received for publication, January 30, 1940) 

The following procedures for the synthesis of a series of related 
compounds of established antihemorrhagic actmty, including 
vitamin Ki, were developed as a result of experimentation under- 
taken with the object of simplif 3 dng and standardizing known proc- 
esses reported from the author’s laboratory and elsewhere. The 
methods given are believed to be more convenient and more rapid 
than any previously described. All of the procedures except the 
last one listed were submitted for trial to a group of students 
half-way through a course in elementary organic chemistry with 
entirely successful results. 

2-Meihyl-l ,4-Naphlhoqumone — The reaction time can be de- 
creased from 3 days (1) or 36 hours (2) to a little over 1 hour. 
Steam distillation (1) of the product is unnecessarj’-. 

A solution prepared by dissohing 50 gm. of chromic anhydride 
in 35 cc. of water and diluting with 35 cc. of glacial acetic acid is 
added in portions from a separatory funnel to a solution of 14.2 
gm. of /S-methylnaphthalene in 150 cc. of glacial acetic acid con- 
tained in a 600 cc. beaker; the solution is stirred with a ther- 
mometer during the addition. The temperature is allowed to 
rise to 60° and then checked at that point by ice cooling and 
maintained at 60° throughout the addition of the reagent, which 
can be completed in about 10 minutes. When the temperature 
begins to drop spontaneously, the solution is heated on the 
steam bath (85-90°) for 1 hour to complete the oxidation and 
diluted with about 500 cc. of water. After the material is stirred 
for a few minutes, the precipitated jmllow quinone is collected on 
a Buchner funnel and washed thoroughly with water. The crude 
material while still moist is crystallized from 40 cc. of methanol 
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(without filtering), giving 6.5 to 7.3 gm. (38 to 42 per cent) of 
2-methyl-l, 4-naphthoquinone, m.p. 105-106°, suitable for the 
following preparations. (If the quinone is required for biological 
work, it should be recrystallized from methanol, and a trace of 
insoluble material removed by filtration.) The procedure has 
given good results for the oxidation of as much as 100 gm. of the 
hydrocarbon. 

2-Metliyl-l ,4-Na'plithohydroquinonG — The following method of 
reduction is more i*apid than either of the two procedures previ- 
ously described (2) and is applicable to both small and large 
scale operations. 

The quinone (2 gm.) is dissolved in 35 cc. of ether by warming 
and the solution is poured into a separatory funnel and shaken 
with a fresh solution of 4 gm. of sodium hydrosulfite in 30 cc. of 
water After the mixture is shaken for a few minutes, the solu- 
tion passes through a brown phase (quinhydrone) and becomes 
pale yellow. After removal of the aqueous layer the ethereal 
solution is shaken with a mixture of 25 cc. of saturated sodium 
chloride solution and 1 to 2 cc. of saturated hydrosulfite solution 
to remove the bulk of the water and filtered by gravity through a 
paper moistened with ether and about one-third filled with an- 
hydrous magnesium (or sodium) sulfate. The filtrate is evapo- 
rated until nearly all of the ether has been removed, cooled, and 
treated with petroleum ether (b.p. 20-40°). The hydroquinone 
separating as a white or grayish powder is washed with petroleum 
ether and air-dried; yield, 1.9 gm. (94 per cent). 

Phthiocol — The following procedure embodies various improve- 
ments in the synthesis discovered by Madinaveitia (3) and re- 
cently elaborated by Anderson and Creighton (4). This synthesis 
is better adapted to preparative purposes than certain others re- 
ported (1, 5, 6) and in its present form may well be superior to the 
process briefly indicated by Kuroda (7). The present improve- 
ments, which reduce the reaction times from several hours to a 
few minutes with increase in the yield, consist in preparing 

1 With large quantities it is not necessary to use enough ether to dissolve 
the quinone or to employ such a large excess of reducing agent. Satis- 
factory amounts per gm. of quinone are 3 cc. of ether and a solution of 0.7 
gm. of sodium hydrosulfite in 2 cc. of water. In this case a longer period 
of shaking is required. 
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methylnaphthoquinone oxide with hydrogen peroxide (2) in 
place of hypochlorite solution (3, 4) and in isomerizing it with 
concentrated rather than dilute sulfuric acid. 

2-Methjd-l, 4-naphthoquinone (1 gm.) is dissolved in 10 cc. 
of alcohol by warming and the solution allowed to stand while 
the second reagent is prepared by dissohdng 0.2 gm. of anhydrous 
sodium carbonate in 5 cc. of water and adding (cold) 1 cc. of 30 
per cent hj'drogen pero.xide solution. The quinone solution is 
cooled under the tap until crj^stallization begins, the peroxide 
solution is added all at once, and the mixture is cooled. The 
yellow color of the quinone is at once discharged, gi^ung a color- 
less or pale yellowish solution. On addition of about 100 cc. of 
water and cooling in ice, 2-meihyl-l ,4-Tiaphthoyuinone oxide separ- 
ates as colorless crystals, m.p. 93.5-94.5° (pure, 95.5-96.5°); 
yield, 0.97 gm. (89 per cent). 

The dry oxide (1 gm.) is treatod with 5 cc. of concentrated 
sulfuric acid (without cooling) and the mixture stirred if neces- 
sary to produce a homogeneous deep red solution. After 10 
minutes this is cooled in ice and slowly diluted with 20 cc. of 
water. The precipitated phthiocol may be collected and washed 
(0.93 gm., m.p. 171-172°) and crystallized by dissohdng it in 
methanol (25 cc.) containing 5 drops of concentrated hydrochloric 
acid (4), clarifying the solution with Norit, concentrating, and 
diluting to the saturation point. Alternately, the yellow sus- 
pension is washed into a separatory funnel and the product ex- 
tracted with a mixture of 25 cc. each of benzene and ether. The 
organic layer is dried over magnesium sulfate and evaporated to 
a volume of about 10 cc. for crystallization. The total yield of 
pure phthiocol, m.p. 172-173°, is 0.84 to 0.88 gm. (84 to 88 per 
cent). Purification by steam distillation or by extraction from 
ether-benzene with sodium carbonate solution is urmecessary. 

Vitamin Ki {2-Methyl-3-Phytyl-l ,4-Naphthoquinone) — C!on- 
siderable further experimentation on the synthetic method pre- 
viously described (8) has led to the development of the following 
simplified procedure in which the reaction time is reduced from 
36 to 4 hours. Obseirvations to be reported elsewhere with Dr. 
Max Tishler indicate that the chief by-product is a ketonic 
substance formed by an independent reaction and not a naphtho- 
tocopherol and hence that the reason advanced (8) for employ- 
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ing a very large excess of methylnaphthohydroquinone is no longer 
tenable, A moderate excess seems desirable for best utilization 
of the phytol, but on a small scale this can be controlled to a 
point where the recovery operation can be dispensed with. 

A mixture of 1.48 gm. of phytol, 1,5 to 2.0 gm. of 2-methyl-l ,4- 
naphthohydroquinone, 1 gm. of anhydrous oxalic acid,^ and 10 
cc. of commercial dioxane is warmed and stirred until the solids 
are dissolved, the flask is stoppered with a cork carrying a ther- 
mometer, and the solution heated for 4 hours® on the steam bath 
at 90-95°, The somewhat orange solution is cooled to 30°, 
washed into a separatory funnel with 40 cc. of ether, and washed 
with two 40 cc. portions of water to remove dioxane and oxalic 
acid. To remove unchanged hydroquinone the solution is shaken 
vigorously with a freshly prepared solution of 2 gm, of sodium 
hydrosulfite in 40 cc, of 2 per cent aqueous potassium hydroxide 
and 10 cc. of saturated sodium chloride solution (which helps 
break the resulting emulsion). After the pressure is released 
through the stop-cock, the funnel is kept stoppered until the 
layers separate as a precaution against oxidation. The yellow 
liquor is drawn off and the extraction repeated a second and 
third time, or until the alkaline layer remains practically color- 
less, The faintly colored ethereal solution is then dried over 
magnesium sulfate, filtered into a tared flask, and evaporated on 
the steam bath, eventually while being evacuated at the water 
pump. The total oil, which becomes waxy on cooling, amounts to 
1.7 to 1.9 gra. 

When the brown mass is treated with 10 cc. of petroleum ether 
(b.p. 20-40°) and the mixture is boiled and stirred, the material 
soon disintegrates, giving a suspension of white solid. This is 
washed into paired centrifuge tubes with 10 to 20 cc. of fresh 
petroleum ether and centrifugation is- carried out after cooling 
thoroughly in ice. The brown supernatant liquor is decanted 
into the original tared flask, the white sludge of vitamin Ki 
hydroquinone is stirred with fresh solvent to an even suspension, 
and the mixture is cooled, centrifuged, and separated by decanta- 
tion as before. Evaporation of the liquor and washings gives 

* Prepared by heating the dihydrate at 130-140° until dry. This con- 
densing agent can be replaced by 1 cc. of 85 per cent phosphoric acid. 

’ The yield is slightly lower when the heating is continued for only 3 
hours and is not improved by extending the period to 5 or 6 hours. 
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1.1 to 1.3 gm. of residual oil, the difference affording a check on 
the yield of vitamin. The washed white sludge is dissolved in 

10 to 15 cc. of absolute ether and a little Norit is added if the 
solution is at all pink or dark. Silver oxide (1 gm.) and mag- 
nesium sulfate (1 • gm.) are added and the mixture shaken for 
20 minutes to effect oxidation. The yellow solution is then 
filtered into a tared flask and evaporated on the steam bath, 
traces of solvent being removed at the water pump. The residue 
is a light yellow oil consisting of pure vitamin Ki; yield, 0.55 to 
0.65 gm. (24 to 29 per cent). Undue exposure to light should be 
avoided when the material is in the quinone form. 

Sodium 2-Methyl-l ,4-Naphthohydroquinone Disulfate — ^The 
method of preparing this salt in a pure condition briefly indicated 
in a prcAidous paper (9) has been considerably improved and 
standarcflzed as follow's: 

While the mixture is being cooled in ice, 0.5 cc. of chlorosulfonic 
acid is added by drops from a burette to a solution of 1 cc. of 
P 3 rridine in 5 cc. of carbon tetrachloride. To the resulting salt 
sxispension is added a cold solution prepared by dissolving 0.5 
gm. of 2-methyl-l,4-naphthohydroquinone in 1 cc. of pyridine by 
gentle warming, diluted with 5 cc. of carbon tetrachloride. The 
mixture is worked with a stirring rod and then heated for 15 
minutes on the steam bath with occasional stirring. When cooled 
in ice, the oil can be caused to stiffen and adhere to the walls, 
when the liquor is removed by decantation. Fresh wash solvent 
is added and the mixtmre heated to boiling and stirred; after ice 
cooling the solvent is again poured off. The pale yellow, viscous 

011 consisting of the pyridine salt of the reaction product and 
pyridine hydrochloride is stirred with 3 cc. of water to give a 
turbid solution, and after the rod is washed with 0.5 cc. of water 
0.65 gm. of sodium bicarbonate is added, a few drops of ether 
being used at the end to break the foam. The solution is poured 
into a small diy separatory fmmel, rinsed with 0.5 cc. of water, 
and is then extracted with ether, the solvent being removed by 
suction through a pipette. The pale yellow solution is treated 
with 2 cc. of pyridine and then, while being cooled as required to 
keep the temperature at about 25°, 2 cc. of 50 per cent sodium 
hydroxide solution (50 gm. of pellets in 100 cc. of water) are 
run in by drops with good mixing. The funnel is stoppered and 
shaken, after which the mixtore separates into an upper brown 
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^ayer and a heavier, pale yellow layer containing inorganic salts. 
The latter is drawn off and discarded, and the upper layer is 
shaken with ether, cleaning the stem of the funnel while the latter 
is inverted. The ether layer containing extracted pyridine is 
removed by 'pipette. The pale brown layer is run into a dry 
flask and treated with 20 cc. of absolute ethanol, which is run 
in through the funnel. The reaction product separates slowly as 
a white powder, and after thorough cooling in ice this is collected, 
washed with absolute ethanol and with ether, and air-dried. 

The crude salt is treated %vith 5 cc. of cold methanol, when the 
bulk of the product dissolves to a turbid solution containing a 
little suspended inorganic salts. A little Norit is added and after 
warming to effect coagulation the solution is filtered by suction, 
2 cc. of methanol being used to wash the filter, and the filtrate is 
diluted with 35 cc. of absolute ether to precipitate the product as 
a white powder. The collected product after air drying is essen- 
tially pure and satisfactory for use; yield, 0.5 to 0.7 gm. (42 to 
49 per cent). A sample further purified by repeated precipita- 
tion from methanol lost 1.6 per cent of its weight on being dried 
to constant ^veight in a vacuum at room temperature. Analysis 
of the dried salt (by Lyon Southworth) showed it to be the 
dihydrate. 

Analysis — Calculated for CnHsOBSsNaz'HsO, H 2 O 8.70; 
found (dried at 100° in a vacuum), HsO 8.53. The anhydrous 
salt on exposure to moist air reverted to the dihydrate, for the 
gain in weight corresponded to a water content of 8.98 per cent. 
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Myosin is a protein distinguished by its very high \Tscosity and 
intense double refraction of flow. It is also one of the few proteins 
which possess titratable sulfhydryl groups even in the native state; 
in the presence of certain denaturing agents the number of such 
groups is very greatly increased. Study of the action of a large 
number of denaturing agents on myosin has revealed certain 
phenomena quite different from those accompanying denaturation 
of the “globular” proteins. The present paper deals Avith the 
effect of various agents on sulfhydryl groups, as determined 
by the porphyrindin titration; Paper II deals ^vith the effects 
of the same agents on \'iscosity, double refraction of flow, and 
solubility. These studies have revealed that myosin is pro- 
foundly altered by many very mild reagents not ordinarily classed 
as denaturing agents for proteins. The effects of these reagents 
are particularly clearly revealed by measm-ements of \'iscosity and 
double refraction; but their effects on sulfhydryl groups are also 
significant, and have been reported in this paper. 

EXPEREUENTAI, 

Preparation of Myosin 

Rabbit Myosin — This was prepared from leg muscles of rabbits 
by a process somewhat modified from the earlier procedure of 
Edsall (5). The animals were IdUed by exsanguination under 

* A preliminarj" accouut of part of the work reported in this paper and 
Paper II has already been given (6). 
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anesthesia. Tlie blood from the hind legs was drained out and 
the muscles were rapidly chopped up and ground as fine as possible. 
The ground muscle was then immediately transferred into 10 to 
15 parts of a solution containing potassium chloride (0.5 n) and 
sodium bicarbonate (0.03 n) at 4°. The mixture was gently 
stirred mechanically for 2 hours in the cold, strained through 
cheese-cloth, and filtered through paper pulp on a Buchner funnel. 

The filtrate, which generally showed strong double refraction of 
flow in a layer 2 cm. in depth when tested by means of the ap- 
paratus described in Paper II, was now brought to a pH near 
6.3 by the slow addition of dilute acetic acid, with constant 
stirring. At this pH the protein solution was appreciably more 
opalescent than before the addition of acid, but no precipitate 
formed.’ It was now diluted with 5 to 10 volumes of cold dis- 
tilled water; the flocculent precipitate which formed was allowed 
to settle out overnight in a cold room, and the supernatant fluid 
was siphoned off. The precipitate was centrifuged in the cold, 
washed once or twice by centrifuging with cold distilled water, 
and dissolved by the addition of finely ground potassium chloride 
crystals with constant stirring. Usually the final concentration 
of KCl needed for complete solution at this pH was 0.4 to 0.5 n. 
Dilution with 2 volumes of cold distilled water readily repre- 
cipitated the protein. The precipitate was again centrifuged, 
washed with cold distilled Avater, and redissolved in KCl. The 
solutions so obtained generally shorved strong double refraction 
of flow," 

The myosin solutions, dissolved in KCl at a pH of approximately 

1 On the acid side of pH 6.0 myosin is insoluble in salt solutions, and may 
rapidly become irreversibly denatured, at least in part. On the other hand, 
the precipitate formed on dilution with water does not settle well unless the 
pH is below 6.5 (unpublished observations of H. 0. Singher in this labora- 
tory). At pH near 6.3 the conditions are nearly optimal for the precipita- 
tion of undenatured myosin, 

* Occasionally preparations were found in which double refraction had 
largely or completely disappeared. The reasons for this alteration were 
not discovered, but the observations recorded in Paper II indicate some of 
the many possible mechanisms which may have been involved. We wish 
to emphasize the importance of testing the protein solution for double 
refraction at every stage of the preparation, as this measurement appar- 
ently affords the most sensitive criterion of the undenatured state of the 
protein. 
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6.2, ■were treated ■with a few drops of toluene and held at 4’’. 
If preserved free from bacterial contamination, they stiU showed 
intense double refraction after several weeks or even months, 
but the experiments described in this paper were in general 
carried out as soon as possible after the protein was prepared. 

Protein concentration was determined by the micro-Kjeldahl 
procedure of Koch and McMeekin (8), the nitrogen content of the 
solution after digestion being determined by nesslerization. The 
protein content was calculated from the nitrogen content, Bailey’s 
(3) figure of 16.6 for the percentage of nitrogen in myosin being 
used. Bailey’s value was obtained on myosin preparations which 
had been precipitated, and then thoroughly washed -with alcohol 
and ether before being dried. Under these conditions, the dried 
myosin is obtained as a fine white powder. On the other hand, 
some preparations made in this laboratory were prepared by wash- 
ing myosin (precipitated from salt solution by dilution) ■with water, 
and then remo^ving the water by evaporation in vacuo at low tem- 
perature over phosphorus pentoxide. Under these circumstances, 
the dry myosin is yellovdsh, glassy in appearance, and diflacult to 
grind. The nitrogen content was found to be only 15.7 per cent. 
Probably dry myosin so prepared contains some lipids which are 
removed by Bailey’s alcohol-ether treatment. The difference in 
nitrogen content between the two types of preparation is in 
harmony with this explanation, as is also the statement of Weber 
(14) that myosin contains approximately 10 per cent of lipid 
material. Todrick and Walker (13) have reported an even lower 
nitrogen content of 15.3 per cent for myosin. For the present, 
we consider Bailey’s figure of 16.6 per cent as the most satisfactory 
basis for calculation of protein content. Sharp (12) has recently 
reported the figure of 16.8 per cent, in close agreement ■with Bailey. 

Estimation of Sulfhydryl Growps in Proteins 

These groups were estimated by titrating the protein ■with 
porphyrindin (9, 7). A fuller and more explicit description of this 
method than that given in the earlier papers appears desirable 
here. 

The method rests upon two assumptions; namely, (1) that a 
positive nitroprusside reaction in a pro^tein solution is given only 
by — SH groups, and (2) that porphyrindin is reduced in a neutral 
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protein solution, at room temperature, within 1 to 2 minutes 
only by — SH groups. It is known that the carbonyl group will 
give a positive nitroprusside reaction, but the permanency and 
tint of the color so developed are in marked contrast to the rapidly 
fading color given by simple mercaptans and by proteins. It is 
known that tyrosine and phenols in general in alkaline solution 
will affect porphyrindin, but the rate of this reaction is much 
slower than the very rapid reduction by mercaptan groups. 
Moreover, the color developed by the dye in the presence of 
phenols is an orange-yellow, in contrast to the practically colorless 
condition of the reduced form of the dye brought about by simple 
mercaptans and by proteins which presumably contain — SH 
groups. The possibility cannot be excluded that there may exist 
in protein molecules other groups of an unknown nature which 
give a positive nitroprusside reaction and reduce porphyrindin 
to the colorless leuco form. However, in the absence of further 
evidence, we have chosen tentatively to regard as sulfhydryl the 
reactive groups in proteins which respond to these tests. 

The reason for using both criteria is the general observation that 
proteins which do not give a positive nitroprusside reaction do 
not reduce porphyrindin, -whereas those proteins which give the 
former reaction also reduce the dye. The parallel feature of the 
two types of reaction is further emphasized by the readily ob- 
servable fact that as one adds porphyrindin progressively to a 
solution of an appropriate protein, the initial nitroprusside reac- 
tion becomes weaker and finally negative. At this point the dye 
has been completely reduced and the solution is colorless. Excess 
of dye beyond this point results in persistence of the blue color for 
a pei’iod of several minutes to half an hour, depending upon the 
protein. On the basis of these observations the conditions for 
the estimation of the sulfhydryl groups in proteins have been 
chosen. Briefly stated, the amount of added dye just necessary 
to cause a negative nitroprusside reaction in the protein was taken 
to be a measure of the sulfhydryl groups present. 

The method is quite simple and rapid. In each of several test- 
tubes of 10 ml. capacity are placed 2.0 cc. of the protein solution. 
To the first is added a certain volume of the porphyrindin solution, 
and the tube is shaken for not more than 1 to 2 minutes. A drop 
of dilute ammonia is added, followed by about 0.5 ml. of dilute 
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sodium nitroprusside. If the reaction is positive, the second tube 
is treated vdth a larger quantity of porphyrindin. A positive 
nitroprusside reaction in this case is followed by the addition to 
the third tube of a still larger quantity of porphjTdndin. The 
procedure is thus carried on by successive approximations until 
just the amount of dye is added which will bring about a loss in 
nitroprusside reaction. The end-point by this method is easily 
reproducible. Both before and after the titration of the protein 
the dye solution is standardized against a known solution of 
cysteine. The amount of dye consiuned by the protein in order 
to bring it to the specified end-point is e.xpressed in terms of its 
equivalent of cysteine for 100 gm. of protein. 

The protein sulfhydryl groups estimated as above may properly 
be designated as “titratable.” A few proteins in the native state 
contain such titratable groups.^ Among them is myosin. When 

’ Balls and Lineweaver (4) have recently questioned the general applica- 
bility of the nitroprusside and porphyrindin reactions to the identification 
of sulfhydryl groups in proteins. Their objection to this method was based 
on the failure of crystalline native papain to give a positive nitroprusside 
reaction or to reduce porphyrindin, although the protein apparently 
reacted with iodoacetic acid. It is clear from these authors’ description 
that native papain behaves toward nitroprusside and porphyrindin exactly 
as do native egg albumin, edestin, excelsin, and globin (7). These proteins, 
as well as papain, do not react with the above reagents in the native state, 
although the proteins do contain — SH groups which are revealed by 
denaturation. The recent experiments of Anson (1) illustrate this point 
further, for he states that ferricyanide, although it reacts with denatured 
egg albumin, does not react with native egg albumin. Iodine and iodo- 
acetamide, on the other hand, do so. Anson’s value for — SH groups in 
egg albumin, as determined by titration with dilute ferricyanide in the 
presence of Duponol PC, agrees well within the limits of experimental 
error with Greenstein’s value (7) obtained by titration with porphyrindin 
in the presence of concentrated guanidine hydrochloride. (Their values 
are 1.21 and 1.24 per cent respectively, expressed as percentage of cysteine.) 
If a similar agreement is obtained for other proteins, it will go far to estab- 
lish the .validitj' of both methods for estimation of the maximal number of 
titratable sulfhydryl groups in proteins. The apparent conflict between 
the various points of view may be readily resolved by drawing a distinction 
between two types of sulfh 3 'dryl groups in proteins. Groups of the first 
type do not react with nitroprusside, porphjTindin, or ferricj'anide, but do 
react with iodine and iodoacetic acid. Groups of the second type react 
with all the reagents mentioned. Manj' native proteins such as egg albu- 
min, edestin, and papain apparently possess sulfhj’dryl groups of the first 
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urea, guanidine hydrochloride, or methylguanidine hydrochloride 
was added to a solution of myosin, an appreciably greater number 
of titratable sulfhydryl groups was revealed. 

Resiilts 

Todrick and Walker (13) estimated the sulfhydryl groups in 
native myosin by determining the amount of phenol indo-2, 6-di- 
chlorophenol dye reduced over a period of 12 hours. The result of 
these investigators, calculated as per cent cysteine, is 0.27. 
Mirsky (10) estimated the sulfhydryl groups in myosin by com- 
paring the cysteine content of the protein hydrolysate before and 
after treatment of the protein wth iodoacetate. His value for 
native rabbit myosin was 0.31 per cent cysteine. After treatment 
with trichloroacetic acid, the cysteine apparently rose to about 
0.57 per cent. 

Our first experiments were concerned with estimating the 
amount of sulfhydryl groups in native myosin dissolved in KCl and 
in myosin dissolved in urea and in guanidine hydrochloride (Table 
I). The values given for the protein in solutions of urea and 
guanidine hydrochloride include the cysteine found in the native 
protein. The proportion of cysteine is apparently independent of 
the protein concentration. The value in the native protein, 0.42 
per cent cysteine, is somewhat higher than that given by Mirsky 
(10) gnd is appreciably higher than that given by Todrick and 
Walker (13).'* In solutions of urea and of guanidine hydro- 


type which on denaturation of the protein are transformed into groups of 
the second type. It is difficult to say at present whether this transforma- 
tion is effected by a change in the spatial configuration of the protein (2) 
or whether denaturation causes a breaking of certain loose bonds involving 
sulfhydryl. In this connection the work of Schubert (11) on the compounds 
of aldehydes and ketones with mercjiptans is suggestive. Schubert finds 
that the loosely bound hemimercaptals fail to give a nitroprusside reaction 
but do reduce iodine. It would be premature to postulate labile hemi- 
mercaptal linkages in the native protein molecule, but the parallelism is 
striking. The work of Balls and Lineweaver (4) indicates that the sulf- 
hydryl group which is apparently necessary for specific activity of papain 
is of the first type. 

* The — SH content of myosin solutions slowly diminishes on standing. 
In one preparation the cysteine equivalent of the — SH groups had fallen 
from 0.41 per cent to 0.30 per cent in 2 weeks at 4°. 
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Table I 

Sulfhydryl Groups in Native Rabbit Myosin and in Myosin Treated with Urea 
and Guanidine Hydrochloride 

2.0 cc. of protein solution were used in each determination. The dye was 
made up in 1.16 X 10"’ ii concentration (0.0325 per cent) in 0.5 ii KCl solu- 
tion. Urea and guanidine hydrochloride were added to the protein solution 
so that the concentration in each case was 16.7 roM per gm. of H:0. 


Preparation No. 

Protein 

concentration 

Per cent cysteine found in 

Ka. 0.5 1C 

Urea 

Guanidins HCl 

11 

twrcenf 

0.60 

0.41 

0.62 

1.19 

I 

0.85 

0.40 

0.64 

1.12 

II 

1.00 

0.41 

0.66 

1.18 

III 

0.63 

0.43 

0.65 

1.12 

III 

0.93 

0.42 

0.63 

1.11 

rv 

2.30 

0.39 


1.12 

rv 

1.90 

0.46 

0.68 

! 1.18 

V 

0.78 

0.40 

0.64 

1.16 


Table II 

ESect of Varying Concentrations of Guanidine Hydrochloride on Myosin 
2.0 cc. of a 0.85 per cent solution of protein were used in each determina- 
tion. The dye concentration was 1.16 X 10“’ m (0.0325 per cent) in 0.5 
mKCI. 


Guanidine HCl added 

j Dye 

1 

Cysteine 

per ffm. HsO 

mu'KtO* 

perceni 

0.0 

2.96 

0.40 

0.5 

2.96 

0.40 

1.0 

4.22 

0.57 

2.1 

6.07 

0.82 

4.2 

7.48 

1.01 

6.3 

8.06 

1.09 

8.4 

8.12 

1.12 

10.4 

8.12 

1.12 

12.5 

8.12 

1.12 

14.6 

8.12 

1.12 

16.7 

8.12 

1.12 


chloride, the amount of sulfhydryl groups increases markedly, 
the increase being greater in guanidine hydrochloride. 

Myosin was further investigated in solutions of varying concen- 
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tration of guanidine hydrochloride. The strong effect of this re- 
agent is revealed in Table II, the results being comparable to 
those obtained with other proteins. 

The data obtained on the different preparations of rabbit 
myosin were extremely consistent. In five different preparations 
the value found in potassium chloride solution was 0.42 ± 0.03 
per cent cysteine and in concentrated guanidine hydrochloride 
(above 8 m) it was 1.15 rh 0.04 per cent cysteine. In one prepa- 
ration (No. IV) double refraction and viscosity were unusually low 
and the solution could be concentrated to an extent quite unusual 
in myosin preparations. Nevertheless, the sulfhydryl content 
both in potassium chloride solution and in guanidine hydro- 
chloride was found to be the same as that in the other preparations. 

The effects of several derivatives of urea and guanidine hydro- 
chloride and the effects of several inorganic salts on myosin are 
reported in Table III. Methylguanidine hydrochloride is as 
effecti^'■e as the parent substance, whereas the methylated ureas 
produce a distinctly different effect. 

Ammonium chloride, mcthylammonium chloride, dimethyl- 
ammonium chloride, arginine monohydrochloride, 0-methyl- 
isourea hydrochloride, hydrazine monohydrochloride, and acet- 
amide reduce the content of titratable sulfhydryl groups to 0.^ 
This effect was also produced by N-methylurea in high concentra- 
tion and by glimine in a concentration as low as 0.01 m. None of 
these substances produced any such effect on cysteine or other 
simple — SH compounds.® The effect has been found repeatedly 
and invariably in all the myosin preparations tested. Addition 
of concentrated guanidine hydrochloride to the mixture of myosin 
with glycine or ammonium chlorid'e or arginine monohydrochloride 
immediately restored the full content of titratable sulfhydryl 
groups found in the completely denatured protein (see Table I). 

In connection with the studies reported in Table III, the ex- 
periment was tried of adding to the native protein solution just 

® The proteiii solution under these conditions gives a negative nitro- 
prusside reaction and fails to reduce porphyrindin. 

® Ammonium salts are usually employed to enhance the color developed 
by the nitroprusside reagent with — SH groups. It is obvious that the use 
of these salts with various tissues calls for a certain amount of caution, par- 
ticularly if it is desired to estimate the sulfhydryl content of such tissues. 
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sufficient porphyrindin to oxidize the free — SH groups completely. 
When urea, guanidine hydrochloride, or methylguanidine hydro- 
chloride was added to this oxidized protein, the amount of free 
— SH groups which appeared exactly corresponded to the dif- 
ferences found between the native and denatured protein in any 

Table III 

Effect on Myosin of Various Substances 
2.0 cc, of a 0.78 per cent solution of protein were used in each determina- 
tion. The dye was used in 1.16 X 10“’ m (0.0325 per cent) concentration 
in 0.5 M KCl. 


Heagent 

Concentration of 
reagent 

Cysteine 


per gm, HrO 

percent 

0.5 m KCl iuHiO 


0.40 

Urea 

16.7 

[ 0.64 

N-Methylurea 

10 -16.7 

i 0 


1-7 

0.40 

O-Methylisourea HCl 

1 16.7 

I ° 

Guanidine HCl 

1 16.7 

1.16 

" H,S0« 

1.1 

0.40 

Methylguanidine HCl 

16.7 

1.16 

Arginine monohydrochloride 

0.5 

0 

Glycine 

0.01- 1.0 

0 

Ammonium chloride 

1.7 

0 

Methylamine HCl 

1.7 

0 

Dimethylamine HCl 

1.7 

0 

Hydrazine monohydrochloride 

1.7 

0 

Acetamide 

16.7 

0 

KI 

1.0 

0.40 

KSCN 

1.0 

0.40 

MgCl, 

1.0 

0.40 

CaClj 

1.0 

0.40 

LiCl 

1.0 

0.40 


one of these solvents. Addition of H-methylurea and 0-methyl- 
isourea hydrochloride to the solution of oxidized native myosin 
produced no increase in — SH groups. Thus, if one titrates the 
free — SH groups of the native protein, then adds the denaturing 
reagent, and resumes the titration, the total amount of dye con- 
sumed is the same as if the denaturing agent had been added at the 
beginning. 
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A number of salts— KI, LiCl, CaCb, MgCb, KSCN-were 
tested for their effect on the sulfhydryl groups with negative 
results, the — SH content in all these solutions being the same as 
in potassium chloride. 


DISCUSSION 

The best analytical data on the sulfur of the muscle proteins 
are those of Bailey (3) who gives the total sulfur of rabbit myosin 
as 1.10 per cent and tlie methionine sulfur as 0.73 per cent; 

In concentrated guanidine hydrochloride, the porphyrindin 
titration yields the equivalent of 1.14 per cent of cysteine, or 
0.305 per cent cysteine sulfur in myosin. This is approximately 
five-sixths of tlie difference between total sulfur and methionine 
sulfur in myosin; 95 per cent of the total sulfur can thus be ac- 
counted for as cysteine and methionine sulfur.'^ 

Myosin apparently contains a fairly high proportion of free and 
titratable sulfhydryl groups in the native state (Table I). The 
amount of these groups on the one hand is greatly increased by 
treatment of the protein with guanidine hydrochloride and, on 
the other hand, is reduced to 0 by treatment with certain am- 
monium derivatives. Is the protein "denatured” by either pro- 
cedure or by both? Obviously, a definition of denaturation based 
on either procedure would be arbitrary. 

We have no explanation to offer at present as to what becomes 
of the — SH groups of native myosin when the latter is treated 
with ammonium salts. They reappear, together with additional 
— SH groups, when the protein is treated with guanidine hydro- 
chloride. Thus a mixture of myosin with glycine, like native egg 
albumin, shows no titratable — SH groups, but does so after treat- 
ment with guanidine. Myosin is remarkable in that the appear- 
ance or the disappearance of sulfhydryl groups may be caused by 
the use of reagents in themselves non-reactive toward mercaptans. 
The amount of reagent required to effect disappearance is very 

It may be pointed out that the value of the porphyrindin titration, 
expressed as cysteine sulfur, for all the proteins which have been investi- 
gated (7) has never been greater than the value for the total sulfur minus 
methionine sulfur. If the reagent reacted with other groups in addition 
to sulfhydryl groups, one would not expect such a relation to be gen- 
erally found. 
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much less than that required to effect appearance of sulfhydryl 
groups. 

The total — SH content of mj^sin is the sum of the sulfhydryl 
groups titrated when the protein is in the native state plus the 
additional sulfhydryl groups revealed when the protein is de- 
natured in concentrated guanidine hydrochloride solution. The 
total amount of dye consumed is apparently the same whether one 
titrates the native protein first, and then adds the guanidine salt 
and resmnes titration, or whether the titration is conducted from 
the start in the presence of guanidine salt. In the former case 
it is clear that porphyrindin has oxidized the free sulfhydryl groups 
characteristic of the native myosin to a form which is not affected 
by the subsequent addition of guanidine salt. That this oxidized 
form may be disulfide seems probable, but is not proved. Por- 
phyrindin readily and quantitatively oxidizes cysteine to C 3 ^tine — 
whether it oxidizes sulfhydryl in the protein to disulfide remains 
for further investigation. 


SUMMABT 

1. An improved method for the preparation of myosin is de- 
scribed. 

2. The free sulfhydryl groups of rabbit myosin have been es- 
timated by the use of porphyrindin and the results are expressed 
in terms of cysteine for 100 gm. of protein. A critical discussion 
of the significance of the porph 3 nindin titration is given. 

3. The cysteine equivalent of the — SH groups in native rabbit 
myosin is 0.42 per cent. In concentrated urea this figure rises 
to 0.65 per cent, and in concentrated guanidine hydrochloride or 
methylguanidine hydrochloride to 1.15 per cent. Treatment of 
the native protein with various ammonium derivatives and 
a m i n o acids reduces titratable — SH to 0. Addition, however, of 
guanidine hydrochloride to these latter solutions brings out all 
the sulfhydryl groups characteristic of the fully denatured protein. 

4. If one titrates the free — SH groups of the native protein, 
and then adds guanidine hydrochloride and resumes the titration, 
the total amount of dye consmned is the same as if the denaturing 
agent had been added at the beginning. 

5. 95 per cent of the total sulfur of myosin may be accounted 
for as methionine plus cysteine sulfur. 
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II. VISCOSITY AND DOUBLE REFRACTION OF FLOW 
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Myosin is notable for its high \nscosity and intense double re- 
fraction of flow. These properties depend upon the extreme asym- 
metrj’’ of the molecule, and are intimately related to its function 
as the chief structural component of the muscle fiber. Alterations 
in these properties afford a very sensitive indication of change in 
the state of the myosin molecule, and such changes are very readily 
brought about, not only by the commonly recognized denaturing 
agents, but by a great variety of organic molecules, and even by 
many simple inorganic electrolytes. Many of these substances 
act on myosin with great speed and at low concentrations. In- 
variably their effect is to diminish double refraction of flow until 
it is undetectable by the method thus far emploj’’ed by us, and to 
lower the viscosity of the myosin solution, while also reducing the 
variation of apparent viscosity ndth the rate of shear. Whether 
these phenomena indicate denaturation of myosin is a question of 
terminology. In this communication we shall describe the 
phenomena, indicate how far they resemble, and how far they 
differ from, the phenomena associated with denaturation in other 
proteins, and interpret them tentatively in terms of changes in 
the configuration of the myosin molecule. Comparison with the 
data of Paper I also reveals very great differences between the 
effects of the reagents studied on — SH groups, on the one hand, 
and their effects on viscosity and double refraction of flow, on the 
other. 

EXPERIMENTAL 

The preparation of rabbit myosin has been described in Paper I. 

Lobster myosin was prepared from the claw and tail muscle of 
lobsters by an essentially identical process. It was found that 
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lobster myosin could not be concentrated as effectively as rabbit 
myosin by centrifuging. The solutions of lobster myosin obtained 
were all below 1 per cent protein concentration, but they were 
somewhat more viscous than rabbit myosin at the same concen- 
tration and showed very intense double refraction even at a con- 
centration of 0.1 per cent. Qualitatively, however, these two 
types of myosin were very similar in all their properties. 

Double refraction of flow was conveniently observed by a simple 
arrangement consisting of two Polaroid disks, one above the other, 
illuminated by a light passing upwards through a hole in a small 
bench or table.^ The Polaroid disks were set so that the illumina- 
tion was at a minimum (Polaroid is not a perfect polarizer and 
always transmits a small amount of red and violet light). The 
protein solution to be studied was then placed in a small beaker 
between the two Polaroid disks, and stirred \vith a black painted 
glass rod. When the myosin solution was at rest, the field re- 
mained dark, but it immediately became bright on being stirred. 
If the stirring was done with a rotary motion, the appearance of a 
dark cross of isocline on the bright field could readily be observed 
in solutions of moderate concentration. In a solution containing 

1 per cent of undenatured rabbit myosin, double refraction was 
readily observed by this means when the depth of the solution 
in the beaker was only 3 or 4 mm. In a solution containing 0.5 
per cent myosin, double refraction was easily seen in a layer 1 or 

2 cm. in depth. The addition of any reagent which destroys 
double refraction of flow caused a steady decline in the brightness 
of the stirred solution, and a gradual fading of the cross of isocline 
until it merged with the background, and the whole field became 
uniformly dark. The time taken for this process to occur varied 
greatly with the concentration and nature of the denaturing agent, 
and could be estimated reproducibly with an error of about 10 
per cent. The measurements reported in this paper give a pre- 
liminary survey of the behavior of a wide variety of compounds. 

* The quantitative measurement of the angle of isocline and double re- 
fraction of flow has already been described (18, 19). A portable apparatus, 
which permits rapid, roughly quantitative measurements on solutions of 
highly anisotropic molecules, has been developed by the authors of this 
paper and will be reported later. 



J. T, Edsall and J. W. Mehl 


411 


A quantitative study of some of the more important of these ivill 
be reported later. 

Yiscosity— Viscosity was determined in capillary viscometers of 
the tjqie employed by Bingham and Jackson (4) in which the 
liquid can be made to flow through the capillaiy in either direction. 
The variable hydrostatic pressure used in forcing the liquid 
through the capillary was produced by a compressed air system 
with an adjustable side outlet allowing the excess air to bubble 
out under water. By raising or lowering the side tube in the 
water, the pressure could be varied. Low hydrostatic pressures 
were read by means of a water manometer; higher pressures, by 
means of a mercury manometer. The times of outflow could in 
general be determined to considerably better than 1 per cent. 
The errors in the hydrostatic pressure readings may, however, be 
as great as 2 per cent. 

The volume of liquid which flowed through the \’iscometer em- 
ployed, in the course of any measurement, was 4.0 cc. ; the radius 
of the capillary (calculated by Poiseuille’s law from the rate of 
flow of water through it at 25°, and the length of the capillary) 
was 0.042 cm. These data are of importance in evaluating the 
mean velocity gradient in the flowing liquid, which is of importance 
in the interpretation of the measured -viscosities at different rates 
of flow. 

Results 

Experiments upon Double Refraction of Flow of Myosin 

Effect of Salts, Dipolar Ions, and Urea — ^Von Muralt and Edsall 
(19) noted that urea, iodides, and thiocyanates rapidly chminished 
double refraction of flow in myosin, to such an extent that the 
solution appeared isotropic in the apparatus employed. Further 
investigation has shown that many other compounds, including 
some not commonly regarded as denaturing agents, produce the 
same effect. The phenomenon is readily observed -ndth the simple 
apparatus described in this paper. At the same time it is easy 
to obser%'e from the motion of small particles suspended in the 
liquid that the -viscosity has diminished, as is shown in detail by 
the quantitative measurements reported later in this paper. 

The effects of most substances on rabbit and on lobster myosin 
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are very nearly the same. In general, lobster mj'^osin is more 
strongly birefringent at a given concentration than rabbit myosin' 
it is appreciably thixotropic, and behaves like an elastic solid ^vhen 
subjected to small shearing stresses. Rabbit myosin, on the 
other hand, appears to behave as a highly viscous liquid wlien 
dissolved in salt, although in the absence of salt it readily forms a 
thixotropic gel (7). Both proteins, however, lose their double 
refraction in the presence of the same reagents, acting at ap- 
proximately the same concentration. Lobster myosin appeals 
to be somewhat more sensitive to denaturing agents. 

The effect of a large number of reagents on double refraction of 
flow is shown in Table I. 

The number and diversity of substances which destroy double 
refraction are noteworthy. The effect is produced, indeed, by al- 
most any electrolyte in sufficient concentration: thus in 2 m potas- 
sium chloride, a marked diminution in double refraction is found 
within 2 hours, and its disappearance follows within 48 hours, 
although in 0.5 m potassium chloride myosin shows intense double 
refraction for an almost indefinite period. 

The data reveal certain definite correlations between chemical 
structure and denaturing effect. 

1. Salts containing the guanidine nucleus — the hydrochlorides 
of guanidine itself and of methylguanidine, and the monohydro- 
chloride of arginine — destroy double refraction rapidly at lorv 
concentrations. A saturated solution of creatine (approximately 
0.055 m) produces no loss of double refraction in myosin within a 
period of a week. N-Acetyl arginine destroys double refraction 
slowly at 0.45 m, over a period of hours. Thus dipolar ions 
containing the guanidine nucleus appear to be less powerful in this 
respect than simple ions. Urea and methylurea have an effeci 
similar to that of guanidine salts, but only at concentrations aboui 
5 times as great. All of these substances profoundly influenc< 
double refraction at concentrations too low to affect the titratabh 
— SH content of myosin appreciably (12). 

2. In terms of this criterion of denaturation, the chlorides o; 
bivalent cations (Ca++, Mg++, and Ba++) are among the mosi 
powerful denaturing agents to be found, since they produce rapic 
changes in myosin at concentrations at or below 0.3 M. 

3. The denaturing action of the halogens increases in the ordei 



J. T. Edsall and J. W. Mehl 


413 


Tabi-e I 

Disappearance of Double Refraction of Flow in Myosin Solutions 
The column headed "Time” indicates the time elapsing before double 
refraction of flow became unobservable by the technique employed in 
these studies, after the indicated reagent at the indicated concentration 
had been added. All reagents were added to myosin dissolved in approri- 
mately 0.5 m KCl, pH between 6.2 and 7.4, at room temperature or below. 
(The temperature coefficient of the reactions involved was not large.) 
Control tests showed that variations of pH between 6 and 8 had no appre- 
ciable influence on the velocity of the loss of double refraction. 

Reagent concentrations are given in moles per liter of myosin solution. 
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Table I — Concluded 


Reagent 

Rabbit myosin 

Lobster myosin 

Concentration 
of reagent 

Time 

Prepara- 
tion No. 

Concentration 
of reagent 

Time 

Preparation 

No. 

Glycine 


>1 wk. 

Ill 


20 min. 

I 

Urea 




0.43 

>48 hrs. 

(t 

It 




0.88 

30 min. 

tt 

(( 


10-15 min. 

I 

1.1 

20 " 

tt 

it 


<2 min. 

tt 

1.6 

12 " 

tt 

N-Methylurea . . . 

39 

2 " 

III 




Guanidine HCl 

0.24 

40 “ 

IX 

0.24 

12 min. 

I 

ft tt 

0.27 

13 “ 

tt 




ft it 

0.32 

6 » 

tt 




“ HBr. . 

0.20 

30 " 

VII 




(( tt 

0.33 

4 " 

it 

0.33 

<2 min. 

I 

“ HI... 

0.075 

>45 hrs. 

tt 




it tt 

0.14 

1 hr. 

tt 




tt tt 

0.28 

30 sec. 

tt 




•• H,S 04 

0.3 

2 min. 

V 




Methylguanidine 







HCl 

0.21 

25 “ 

III 




tt tt 

0.45 

2 “ 

tt 




Arginine mono- 







hydrochloride. . 

0.36 

2 " 

tt 




tt tt 

0.26 

>15 min. 

V 




ft (t 

0.35 

12 " 

tt 




Creatine 

0.055 

>4 days 

III 




N-Acetyl argi- 







nine 

0.45 

2-5 hrs. 





Glycerol 


• 


1.6 

20 sec. 

I 


Solutions of rabbit myosin were very stable in KHjPO^-KsHPOi buffers 
(pH 7, ionic strength 0.5), but lost double refraction slowly, over a period 
of days, in phosphate buffers at ionic strengths above 1.0. 


Cl~ < Br~ < I~; that of the cations of the alkali metals in the 
order K+ < Na+ < Li+.^ 

® Some experiments were run with rubidium and cesium chlorides at con- 
centrations of 0.7 to 1.0 M. Rabbit myosin lost its double refraction of flow 
within an hour in these solutions.. The purity of the salts employed, how- 
ever, was not certain, and the results are to be regarded as only tentative. 
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4. Ammonium chloride and its methylated derivatives produced 
rapid loss of double refraction at concentrations near 1.4 ii,-’ 
but glycine, although containing an — NHa'*' group, had no effect 
on rabbit myosin at 1.7 m, even in the presence of considerable 
concentrations of chloride ion. Thus the disappearance of — SH 
groups in the presence of ammonium derivatives (12) is not neces- 
sarily associated with loss of double refraction. 

5. Sulfates appear to have less denaturing action than the 
corresponding chlorides. Thus ammonium sulfate, at a given 
pH and ion concentration, has much less denaturing action 
than ammonium chloride; and magnesium sulfate produces rapid 
denaturation only at a distinctly higher molar concentration than 
magnesium chloride. 

6. The complete oxidation of native myosin with porphjTindin 
does not impair double refraction of flow. 

7. As judged by the criterion of preser\'ing double refraction of 
flow, myosin is most stable in potassium chloride, potassium sul- 
fate, and potassium phosphate buffers near pH 7. Alyosin 
appears to be somewhat less stable in the corresponding sodium 
salts (see Mirskj' (17)). 

8. Concentration of denaturing agents had an extraordinarily 
great effect on the velocity of loss of double refraction. Thus 
(Table I) rabbit mj^osin was stable almost indefinitely in guani- 
donium iodide at 0.075 m. At 0.14 m, double refraction disap- 
peared ndthin 1 hour; at 0.28 m, within 30 seconds. The great 
changes in velocity of the process with small changes in guanidine 
hydrochloride concentration are quantitatively illustrated in 
Fig. 1. The logarithm of the double refraction is approximately 
a linear function of the time in these curves; but nothing as to the 
mechanism of the process is to be inferred from this fact. Quan- 
titative study of the velocity and mechanism of the processes in- 
volved is now being undertaken on an extensh'e scale.^ 

* In working with solutions of anunonium salts, it is important that the 
pH should be adjusted to a value near 7. The pH was always tested, and 
adjusted if necessary, in the experiments reported here, 

‘ Inspection of the data in Table I shows that the velocity of loss of 
double refraction, for the same reagent at the same concentration, varied 
somewhat from one myosin preparation to another, although the relative 
effects of different reagents remained essentially the same. The quantita- 



416 


Myosin. II 


Effect of Alkaline Solutions — Rabbit myosin was found to be 
very stable at pH values below 9.7, in buffer solutions of glycine 
and potassium glycinate (the total concentration of glycine and 
glycinate was 0.4 m). At pH 10.28 double refraction of myosin 
was partly gone in 5 minutes and completely gone after the solu- 
tion had stood 1 hour in the cold. When glycinate buffer at pH 
10.65 was added to rabbit myosin, double refraction diminished 
greatly at once and was completely gone in 5 minutes. These 



Fig. 1. Decrease of double refraction in rabbit myosin, dissolved in KCl, 
in the presence of guanidine hydrochloride, 0.24, 0.27, and 0.32 m; tempera- 
ture 25°; pH 6.4. Abscissa, time in minutes; ordinate, log A/Ao, where 
Ao is the magnitude of double refraction at time 0, and A is the double re- 
fraction after time t. (Measurements by H. 0. Singher.) 

data confirm the position of the alkaline pH stability range found 
by von Muralt and Edsall (19), who used a somewhat cruder 
chemical treatment. 


tive studies now in progress may throw further light on this phenomenon. 
It appeared possible that some of the observed denaturing effects were due 
to small and variable amounts of impurities in the reagents used. The 
effects of CaCb, MgCl 2 , and MgS 04 , however, were found to be the same 
after three recrystallizations as when the original c.p. salts were used. 
Thus, no evidence appeared for attributing the observed effects to im- 
purities. 
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Lobster myosin lost its double refraction of flow rapidlj' at pH 
10.3, and more slowly even at pH 9. Rabbit myosin is quite 
stable at the latter pH value. 

Effect of Acids — Between pH 5 and 6 myosin is insoluble at all 
salt concentrations. When sufficient acid is added to make the 
pH somewhat more acid than 5, in the absence of excess salt, the 
myosin redissolves. The condition of the protein in this acid 
zone, however, is verj' different from its undenatured state in 
neutral solutions; it has lost its double refraction of flow, and is 
now readily precipitated by the addition of even small amounts 
of neutral salts. If such a solution is again brought to a pH near 
6, it again goes into solution on the addition of salt, but we have 
not obserA’ed restoration of double refraction of flow under these 
conditions. The detailed protocol of one such experiment follows. 

15 cc. of rabbit Myosin Ilb (containing 1 per cent protein in 0.5 x KCl 
at pH 6.2, and showing strong double refraction) were diluted with 80 cc. 
of cold distilled water and centrifuged in the cold room. The precipitate 
packed verj' tightlj’; it was again twice washed with 80 cc. of cold distilled 
water and centrifuged each time. The final precipitate was dissolved in 
0.6 CO. of x/7 HCl. It formed a clear solution, with a few disk-shaped par- 
ticles of undissolved myosin floating in it. The pH of the solution was 4.3, 
by the glass electrode. The solution showed no double refraction of fiow, 
although the disk-like particles in it were strongly doubly refractive (optic 
axis generally parallel to the long axis of the disk). 

About 1 cc. of this solution was set aside for pH determination; the rest 
was treated with 0.86 cc. of 0.1 x XaOH, with constant stirring. The pro- 
tein set to a clear gel (c/. Edsall (7)) which flocculated on the addition of a 
small amount of KCl, and the precipitate then dissolved to form a clear 
solution when more KCl was added. The pH of this solution was 5.7; it 
showed no trace of double refraction of flow. 

Experiments of this type were carried out on three different 
rabbit myosin preparations, with the same results. Thus we do 
not confirm the statement of Bate Smith (3) that acid-treated 
myosin would again become doubly refractive on being dissolved 
in solutions at pH above 6. Neither have we been able to confirm 
the statement of von Muralt and Edsall (19), that myosin at pH 
4.6 shows double refraction of flow. 

Heat Denatiiration of Lobster Myosin — The effect of heat on frog 
and rabbit myosin has been described in detail by Mirsky (17); 
these myosins begin to coagulate rapidly near 38°, and the ob- 
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servations on the effect of heating rabbit myosin, made by us, 
agree essentially with those of Mirsky. Lobster myosin at a 
concentration of 1 per cent also precipitates rapidly when it is 
heated near 100° for 2 or 3 minutes; at lower concentrations, 
however (below 0.4 per cent), it does not precipitate, even when 
heated in a boiling water bath for 6 minutes. Instead, the 
solution becomes distinctly more opalescent and much less viscous 
(after cooling) than it originally was. Double refraction of flow 
is completely destroyed. The protein still precipitates when 
brought by acid to a pH between 5 and 6, but the precipitate is 
fine and flocculent, not stringy and gelatinous like the acid pre- 
cipitate of native myosin. 

Lobster myosin heated 10 minutes to 40° loses almost all its 
double refraction, and becomes much less viscous than before. 

Studies on Viscosity of Myosin Solutions 

Theoretical Considerations — Because of its extreme molecular 
asymmetry, myosin gives very viscous solutions. The close 
relationship between the shape of molecules and the viscosity of 
their solutions is now abundantly clear from the work of several 
investigators (6, 9, 13, 22), although agreement has not yet been 
reached as to the exact nature of the functional relation involved. 
In any case, the experimental data are best formulated for the- 
oretical discussion in terms of the quantity v, the ratio of specific 
viscosity to volume fraction ($) of solute. 

(I) 

$ $ y>7o J 

(y is the viscosity of the protein solution; yo that of the solvent.) 
For a solute made up of incompressible uncharged spherical 
molecules, v should be 2.5 from Einstein’s theory (8) ; for all non- 
spherical molecules it is greater than 2.5, owing to the additional 
work which must be done in rotating such molecules under the 
influence of the velocity gradient in the liquid. This -work, and 
therefore the measured apparent viscosity, varies with the mag- 
nitude of the velocity gradient. Wlien this gradient approaches 
0, the orientation of the molecules is purely random, owing to 
their Brownian movement, and v (at constant 4>) approaches a 
maximal value ro. At very high velocity gradients the molecules 
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are highly oriented by the shearing stresses in the liquid, and 
V tends asjTnptotically to a lower limiting value Hence, for 
the interpretation of ^^scosity measurements in molecules like 
myosin, the velocity gradient in the \Tscometer must be con- 
sidered. 

In capillarj' viscometers, the velocity gradient varies from 0 at 
the center of the capillarj' to a maximum value at the wall. 
According to Kroepelin (14), however, we maj' describe the meas- 
urements in terms of a "mean velocity gradient” 0) which Exoep- 
elin has shown to be a function of the volume V of liquid flowing 
through the capillar^' in time t, and of the capillarj' radius R. 


- _ JZ. 


( 2 ) 


It has been found experimentally (14, 23) that the apparent vis- 
cositj’’ is a unique function of ^ for liquids showing anomalous 
•vdscosity, and is independent of the dimensions of the particular 
capillary used.® 

Whether a measured value of v corresponds to Po, p*, or some 
intermediate value depends on the ratio of the %’'eIocity gradient, 
jS, to 0, the rotary diffusion constant (5, 29) of the protein. If 
jS/0 <1, the measured value will correspond to Po; if /S/0 > 1, it 
will closely approach p„ (22). For nearly all the so called globular 
proteins — proteins for which the ratio of long to short axis is not 
greater than 7 : 1 or 8 : 1 — the former case is realized,* for the 
mean velocity gradients found in most capillary geometers 
range from a few himdred to a few thousand sec.~^; while the 
rotary diffusion constants found for such proteins in water at 
25° vary from 6 X 10® sec.~‘ for hemoglobin (21) to 3 X 10® 
sec.~* for pseudoglobulin (10). Thus the apparent ^nscosities 
found for solutions of these proteins should not, and experi- 
mentally do not, vary appreciably with the velocity gradient; 
they correspond to measurements made under conditions of ran- 

' It is true, as PMlippoff (23) has pointed out, that, for liquids whose 
apparent viscosity varies with the rate of shear, 0 is not a strictly linear 
function of the true mean velocity gradient in the liquid. It is, however, 
not far from equal to the mean gradient, and appears to be definitely the 
best function at present available for describing viscosity measurements on 
a capillary viscometer for substances such as myosin. 
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dom orientation of the molecules. This was for instance un- 
doubtedly the case for the recent measurements of Neurath and 
Saum (20) on serum albumin. 

Experiments on Undenalnred Myosin — In the present myosin 
studies, the situation is very different. The rotary diffusion con- 
stant of myosin lies between 8 and 12 sec.“^, according to the cal- 
culations of Mehl (16) from the data of von Muralt and Edsall 
(18, 19). Therefore, the values of |8/0, under the conditions of 
our measurements, lie between 40 and 200, and the myosin mole- 



Fig. 2. Relative viscositj’' of rabbit myosin solutions, plotted as a func- 
tion of the mean velocity gradient, p (see text). The volume fraction 
(4>) of myosin in each solution studied is indicated at the right of each 
curve. Temperature 25°. 

cules are highly oriented in the liquid flowing through the capil- 
lary. In Fig. 2 the apparent specific viscosity of undenatured 
rabbit myosin solutions, dissolved in KCl, is shown as a function 
of the mean velocity gradient. The viscosity falls with increasing 
velocity gradient, and at least in the more dilute solutions appears 
to approach very closely a limiting lower value. This limiting 
value, divided by the volume fraction of myosin in the solution, 
may be taken as equivalent to v„, as defined above. The calcu- 
lated values of for the solutions shown in Fig. 2 are given in 
Table II. The fact that these values vary with the concentration 




J. T. EdsaU and J. W. Mehl 


421 


shows that there is interaction between the myosin molecules at 
all the concentrations studied, since at sufBciently great dilutions 
should be independent of The extrapolated value, = 240 
at 0 concentration, indicates the extreme asymmetry of the myo- 
sin molecules. The values recently given by Poison (24) for 
Vo for a number of other proteins range from 5.7 for egg albumin 
to 14.6 for gliadin. The value of vo for myosin cannot be obtained 
from the present data — it could onl 3 ’- be measured in a \Tscometer 
of the Couette type where measurements can be made at very 
low velocity gradients — but it must in any case be much higher 
than 240.® 

Table II 

Specific Viscosity of Rabbit Myosin in Dilute Solution at High 
Velocity Gradient 


Solvent, KCl 0.5 m; pH 6.2; temperature 25°. 


Volume fraction of m 3 ‘osia (4’) 


II 

B 

4.26 X 10-’ 

<2.26 

<531 

3.42 X 10-’ 

1.52 

444 

2.56 X 10-’ 

1.00 

391 

1.71 X 10-’ 

0.5S 

340 

0 (Extrapolation) 


240 


The apparent specific volume of myosin is taken as 0.75 in calculating 
the volume fraction from the weight fraction. 


Quantitatively, at present, it appears impossible to estimate the 
ratio of the long and short axes of the mjmsin molecule from these 
data. The equation of Eisenschitz (9), applicable to ellipsoids of 
revolution, is 


1.15 a/6 
I- In (2 a/6) 


(3) 


* Some recent results on tobacco mosaic virus illustrate this point. 
Lauffer (15) found for a 0.0296 per cent virus solution in a capillarj^ viscom- 
eter a value of v = 55.8. This value is probably close to v^, although the 
exact velocity gradient was not given. Robinson (25), employing a Cou- 
ette viscometer, found vo = 1500 for a 0.02 per cent virus solution. These 
measurements were made on different preparations, and are therefore not 
strictly comparable, but thej" illustrate vividly the importance of consider- 
ing the velocity gradient in viscosity measurements on highly asymmetrical 
molecules. 
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where a and 5 are the long and short axes, respectively, of the 
ellipsoid. Taking v„ at $ = 0 as 240 for myosin gives a value of 
approximately 6000 for the ratio of the long to the short axis, 
which is impossibly high, since the length of the myosin molecule 
is of the order of 5000 to 10,000 A. (16) and its cross-section cannot 
be less than 10 A., and is probably greater. The recent, and 
apparently very exact treatment of Peterlin (22) does not include 
the evaluation of for such very large axial ratios. It is clear 
from his figures, however, that the observed value of v„ should 
correspond to an extremely high axial ratio. Peterlin’s treatment 



Fig. 3. Relative viscosity of rabbit myosin solutions as a function of the 
mean velocity gradient and concentration of guanidine hydrochloride. 
All solutions contained myosin, volume fraction $ = 0.00372, and KCl, 0.5 
M. Top curve, no guanidine (undenatured myosin). Solutions shown in 
the lower four curves contained respectively 0.62, 1.06, 2.14, and 3.24 m 
guanidine hydrochloride. Temperature 25°. 

is strictly applicable only to solutions of ellipsoids which are (1) 
rigid, (2) monodisperse, (3) uncharged, and in an indifferent (non- 
polar) solvent. It is certain that the last condition is not ful- 
filled by myosin solutions, and highly likely that the other two 
are not. At present, therefore, we may only draw the qualitative 
conclusion that the viscosity of undenatured myosin solutions 
gives evidence of the high asymmetry of the myosin molecules. 

Action of Denaturing Agents on Viscosity — Reagents such as 
guanidine and urea diminish the viscosity of myosin solutions, 
and by inference, therefore, the asymmetry of the molecules also. 
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The variation of viscosity with concentration of guanidine 
hydrochloride, at constant myosin concentration, is represented 
in Fig. 3, and the corresponding fall in the values of is recorded 
in Table III, for this and other denaturing agents. 

The great decrease observed in guanidine hj'drochloride, from 
= 484, in KCl without guanidine, to y„ = 97 in 3.24 m guanidine 
reflects a very marked decrease in the asymmetrj’’ of the molecule. 
As with all the other effects studied, urea is found to be less potent 
in its action, a 5 M solution of urea being approximately equivalent 
to a 3.24 M solution of guanidine hydrochloride. Glycine (0.1 m), 
which abolishes titratable — SH groups but does not destroy 

Table III 

Effect of Denaturing Agents on Viscosity of Rabbit Myosin at High 
Velocity Gradient 


Myosin concentration, 4.96 X 10“* gm. per cc. of solution = 3.72 X 10“’ 
cc. per cc. of solution. 


Substance added to 0.5 u KCl in eolrent 


"a. 

None. .-. 

1.80 

484 

0.10 M glycine 

1.80 

484 

1.5 “ NH,C1 

1.45 

390 


1.40 

376 

1.06 " " " 

ti 

1.04 

279 

2.14 “ “ 

It 

0.54 

145 

3.24 " “ 

It 

0.36 

97 

2.5 “ urea 


0.84 

226 

5.0 “ " 

0.34 

91 



double refraction, has no effect on the viscosity. On the other 
hand, 1.5 m ammonium chloride, which abolishes titratable — SH 
and also destroys double refraction, lowers the viscosity markedly. 
There appears to he an invariable correlation between diminution in 
viscosity of myosin solutions and loss of double refraction, while 
there is no correlation between viscosity changes and alteration in 
— SH groups. 

The effect of denaturing agents on myosin is in pronounced con- 
trast to their effect on the “globular” proteins, whose viscosity 
increases in the presence of denaturing agents, such as urea (see 
Anson and Mirsky (1)). Thus the data of Neurath and Saum 
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(20) show that v for serum albumin increases from 6.50 in water 
to 22.6 in 6.66 m urea, figures which offer a striking contrast to the 
data in Table III, whereas the measurements of Frampton and 
Saum (11) on tobacco mosaic virus indicate that urea has an ef- 
fect on it qualitatively similar to its effect on myosin. 

The effect of denaturing agents on viscosity is progressive; the 
higher the concentration of guanidine or urea, the lower the level 
to which the viscosity falls. Even the lowest concentrations 
employed in our viscosity studies, however, are sufficient to 
reduce double refraction of flow below the point where it can be 
detected by the apparatus described in this paper. Further 
changes which take place at higher concentrations of guanidine or 
urea are, however, revealed by viscosity measurements. An 
apparatus capable of producing very high velocity gradients, 
now being constructed, should also reveal changes in double re- 
fraction of flow, and such measurements will subsequently be 
reported. 

Solubility of Native and Denatured Myosin — None of the de- 
naturing agents employed in these studies (except in some cases 
heat) destroys the solubility of myosin in ordinary salt solutions. 
After treatment with any one of them, the protein may be pre- 
cipitated by dilution with cold distilled water, centrifuged, and 
washed repeatedly until it is free of the denaturing agent, and then 
redissolved by addition of potassium chloride. It continues to 
behave like a typical globulin; if anything, it is perhaps more 
readily soluble in dilute salt solutions than before denaturation. 
No treatment yet employed by us, however, has ever restored 
double refraction of flow when this property has once been lost. 
It cannot be positively stated that this change is irreversible, but 
up to the present it has certainly not been reversed. 

DISCUSSION 

Lack of Correlation between Changes in Titratable — SH Groups 
and in Double Refraction of Flow — The changes in myosin revealed 
by the porphyrindin titration (12) appear to be entirely different 
from those revealed by the methods described in this paper. It 
is true that urea and guanidine hydrochloride increase titratahle 
— SH groups and also destroy double refraction of flow. But the 
latter effect occurs at relatively low, the former only at much 
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higher, concentrations of the denaturing agent. Thus 0.27 m 
guanidine hj'drochloride diminishes double refraction of flow in 
13 minutes below the point where it can be detected (see Table I) ; 
but no appreciable change in titratable — SH groups can be de- 
tected unless the guanidine is about 1 (see Table II, Paper I), 
and far higher concentrations of guanidine are necessarj^ to release 
the maximal number of titratable — SH groups. Similar relations 
hold for urea, although its effect both on double refraction and on 
— SH groups is weaker than that of guanidine hydrochloride. 

The effect of other denaturing agents reveals even more striking 
differences. Ammonium salts and gl 3 'cine reduce titratable 
— SH groups in mj'osin to 0; ammonium salts destroj' double 
refraction of flow, while gh'cine does not. Salts such as KI, 
liSCN, MgCl;, CaClj, and LiCl have no effect on titratable 
— SH groups, but are veiy- powerful reagents for destrojdng double 
refraction of flow. Thus substances which destroj' double refrac- 
tion of flow may increase titratable sulfhydrj-l groups, maj' abolish 
them, or may leave them unchanged. On the other hand, de- 
crease of double refraction of flow appears alwaj's to go hand in 
hand with decrease in \'iscositj' of mj'osin, whether the change be 
produced bj' chemical agents or bj' heat. Changes in both of 
these properties reflect changes in molecular asjnnmetrj', whereas 
changes in — SH groups depend on other alterations in molecular 
conflguration, whose nature is at present less clearlj’ defined. 

Relation of These Data to Ultracentrifugal Studies — The effect of 
denaturing agents on viscosity and double refraction, reported in 
this paper, shows unmistakablj'- that the length and asymmetrj’’ 
of the molecule are reduced by such reagents. It ma}^ be inferred 
that the molecular weight is also reduced in such solvents; and in 
the case of urea there is direct evidence for such a change from the 
osmotic pressure measurements of Weber and Stover (28). These 
authors found the mean molecular weight of vmdenatured mj'osin 
to be of the order of 1,000,000, while in concentrated urea solution 
it was of the order of 100,000. 

The loss of the double refraction of mjmsin in solutions of de- 
naturing agents may be comparable to the dissociation of other 
proteins observed in ultracentrifugal studies. The dissociation 
of the hemocyanins, for instance, is particularlj' affected bj' such 
reagents as guanidine salts and divalent cations (27), which are 
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also particularly effective in destroying the double refraction of 
myosin. The underlying basis of the observed effects on myosin, 
then, is probably a mechanism common to many, if not all, other 
proteins. The method of double refraction of flow, however, 
when applicable, offers a particularly simple technique for reveal- 
ing such changes. 

Hofmeister Series — There appears to be a certain correlation be- 
tween the effect of salts on double refraction of myosin and their 
position in the Hofmeister series. Salts which are effective salt- 
ing-out agents, such as sulfates and phosphates, have little effect 
in destroying double refraction; while salts of lithium, of am- 
monium, and of the divalent cations have little salting-out action 
and destroy double refraction rapidly. We shall make no attempt 
in this study, however, to propose a theory for the mechanism of 
the observed effects. 

Comparison with Tobacco Mosaic Virus — It should not be in- 
ferred that the effects observed for myosin will be found in all 
other rod-shaped proteins. Preliminary studies of the effect of 
divalent cations on tobacco mosaic virus solutions’ have shown 
changes profoundly different from those observed in myosin. Cal- 
cium, magnesium, or barium chloride (0.1 to 0.5 m) added to 
tobacco virus in water produce a temporary decrease in double 
refraction of flow followed by a rise to or above the initial value. 
The “relaxation time” of the molecules also increases, as judged by 
the time taken for double refraction to disappear after stirring of 
the liquid ceases. In the course of half an hour the liquid be- 
comes cloudy and develops an opalescent crystalline sheen; 
within a few days a precipitate slowly settles out. The entire 
course of the reaction indicates that an aggregation of the original 
protein molecules is taking place; not a dissociation, as in the case 
of myosin. 

Urea slowly destroys the double refraction of flow in tobacco 
virus, but even in 6 m urea, as the recent work of Stanley and 
Lauffer (26) shows, double refraction falls to only one-third of the 
original level in 2 hours; while 1.5 m urea destroys the double 

’’ We are indebted to Dr. W. M. Stanley and Dr. M. A. Lauffer for pro- 
viding us with these preparations of tobacco mosaic virus. The studies 
made upon them in this laboratory have in part been already reported (16), 
and a more complete account of them will be given later. 
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refraction of myosin far more completely ■within 5 minutes. Thus 
the extreme lability characteristic of myosin is not necessarily at 
all characteristic of other asymmetric proteins. 

Significance of Viscosily Changes — ^The increase of \'iscosity on 
denaturation in such proteins as egg albumin and edestin has been 
interpreted by Astburj', Dickinson, and Bailey (2) as due to the 
unfolding of the compact undenatured protein into a more ex- 
tended polj'peptide chain. The decrease in \'iscosity of myosin, 
arising from the action of the same denaturing agents that in- 
crease the TOCOsity of “globular” proteins, is interpreted by us as 
due to the breaking up of the very elongated native myosin into 
smaller and less asymmetrical molecules. Obvdously there is no 
contradiction between the two sets of phenomena. Presumably, 
in either case, certain linkages within the molecule are broken, and 
these linkages may well be the same in all these different proteins. 
The changes in viscosity depend, not on the nature of the linkages 
broken, but on the geometrical configuration of the undenaiured mole- 
cule and on the changes in that configuration brought about by the 
denaturing agent. 

Concerning the Preparation of Myosin — The observ'ations re- 
corded in this paper indicate the importance of the solvent used in 
extracting myosin from muscle. Potassium chloride, phosphate, 
and sulfate appear to be by far the most desirable salts to employ 
if undenatured, doubly refractive myosin is to be obtained. Salts 
such as lithium and ammonium chlorides, which have often been 
employed as solvents for extraction, will almost certainly yield 
an altered product. Also, the great effect of moderate rise of 
■temperature in diminishing double refraction emphasizes the de- 
sirability of carrying out the preparation and of keeping the 
purified myosin, as far as possible, in the cold. In any case, it is 
desirable that the protein should be tested for double refraction 
each time after it has been precipitated and redissolved. Even 
■with all the precautions indicated in this paper, occasional prep- 
arations have been found to have lost most of their double refrac- 
tion. 

It is possible that the changes in myosin here reported have some 
biological significance in connection with muscidar acti^vdty. The 
fact that the loss of double refraction occurs ■with such ease, and 
IS readily produced by substances present in the muscle fiber, such 
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as guanidine derivatives and magnesium ions, makes this a tempt- 
ing speculation. The apparent irrevei’sibility of the process is 
against this view, however, and it scarcely calls for further dis- 
cussion until more evidence is brought forward. 

We are indebted to Mr. H. 0. Singher for much valuable work 
in the preparation of the myosin used in these studies. 

SUMMARY 

1. Double refraction of Aoav in myosin is profoundly and 
rapidly diminished by a large variety of organic and inorganic 
substances, acting at relatively low concentrations. Among the 
most powerful of these substances are guanidine and methyl- 
guanidine salts, arginine monohydroehloride, calcium and mag- 
nesium chlorides, potassium iodide, and thiocyanate, all of which 
produce well marked effects at concentrations below 0.3 M. 
Their effects on rabbit and on lobster myosin are nearly identical. 

2. Lithium and ammonium chlorides, urea, and potassium 
bromide produce similar effects at somewhat higher concentra- 
tions. Sulfates have less denaturing action than the correspond- 
ing chlorides when the comparison is made at the same cation 
concentration. 

3. Myosin is most stable in the cold near pH 7, dissolved in 
potassium chloride, phosphate, or sulfate. Rabbit myosin, dis- 
solved in potassium chloride, is very stable in the presence of high 
concentrations of glycine; but molar glycine destroys double re- 
fraction in lobster myosin. 

4. The effects of pH and of heat on double refraction of myosin 
are described. ■ 

5. The solubility of myosin is not significantly altered by the 
denaturing agents studied; it remains a typical globulin after 
double refraction is lost. So far the loss of double refraction has 
not beeh reversed. 

6. The basis for the interpretation of viscosity measurements 
on solutions of large and very asymmetrical molecules is critically 
discussed. The viscosity of myosin decreases in the presence of 
all the denaturing agents studied. In conjunction with the double 
refraction measurements, this indicates a great decrease in the 
asymmetry of the molecule. 
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7. Effects of denaturing agents on viscosity are closely cor- 
related vuth their effects on double refraction of flow. There is no 
correlation, however, between changes in either of these proper- 
ties and changes in titratable sulfhydrjd groups. 
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CANINE CYSTHTORIA 


V. FAMILY HISTORY OF TWO CYSTmiJRIC IRISH TERRIERS AND 
CYSTINE DETERMINATIONS IN DOG URINE* 
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In Paper II of this series (1), the occurrence of cystinuria in 
two male Irish terriers was reported. The genetic relationship 
of these animals is given in Chart I. The original cystinviric dog is 
designated as Dog 1, the second cystinuric dog as Dog 4. 
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Chart I. Pedigree chart. Cystinuria in Irish terriers 

Through the records of the American Keimel Club, it was 
possible to locate the owners of the sire (Dog B) and of the dam 
fDog A) of Dog 1. There was no history of calculus formation 
or difficulty in urination with Dogs A or B, both of which were 

* Aided by a grant from the Rockefeller Foundation. 
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dead at the time of inquiiy. The litter to which Dog 1 belonged 
was apparently quite normal and perfectly healthy. Subsequently 
the dam (Dog A) had been bred with an Irish terrier, Dog C, and 
had given birth to a litter. Dog C did not have cystinuria, as 
indicated by a negative cyanide-nitroprusside test in its urine. 
Two females from this litter (Dogs 2 and 3 in Chart I) were pur- 
chased and brought to the laboratory. The sulfur partition of 
their urine (reported in Table I together with that of a dog of 
another breed) is normab and shows that they are not cystinuric. 

A short time later. Dog 4 was placed in the Raritan Hospital 
for Animals for miscellaneous complaints, and it was found to be 


Table I 

Sulfiir Dislribulion in Urine of Two Normal Female Irish Terriers 


« 

Dog No. 

1 

Per cent of total S i 

j 

Per cent of neutral S 

Inorganic 

sulfate 

Ethereal 

sulfate 

Total 
neutral S 

Cystine 

S* 

Undeter- 
mined 
neutral S 

Cystine 

S» 

Undeter- 
mined 
neutral S 

2t 

67 

6 

27 

0.4 

26 

n 

99 

3t 

70 

9 

22 

0.4 

21 

bb 

98 

M§ 

62 

7 

31 

2.0 

29 

H 

93 


* Cuprous chloride precipitation, 
t Total S = 620 mg. per liter. 
i Total S = 600 mg. per liter. 

§ Dog M, a female Dalmatian coach hound, is included for comparison; 
total S = 167 mg. per liter. 

suffering from cystinuria (cf. (1)). Subsequent to this diagnosis, 
examination of its pedigree revealed that it was the son of a male 
litter mate of Dog 1. Through the courtesy of Dr. M. L. Morris, 
Dog 4 then came into our permanent possession, which made more 
detailed observations possible. Hotvever, metabolic experimen- 
tation had to be restricted, since this dog was of primary im- 

1 The neutral sulfur content of dog urine is higher than that of human 
urine, and maj' amount to from 10 to 60 per cent of the total sulfur. Under 
average conditions, dogs excrete about 30 per cent of the total sulfur as 
neutral sulfur. For instance, a dog weighing 9 kilos, fed Cowgill’s diet 
corresponding to 4.8 gm. of nitrogen per day, excreted 30 to 34 per cent of 
the total urinary sulfur as neutral sulfur (2). 
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portance as a breeder. No catheterization for the collection of 
urine specimens was attempted. 

For a period of about 2 months, Dog 4 was kept in a metabolism 
cage on a constant food intake, on which it maintained its weight. 
Unfortunatel}’’ it then developed a diarrhea and had to be taken 
off this diet and returned to the kennel. 

During the time of studj', the urine was analyzed dail 3 ’’ for 
total nitrogen, creatine, creatinine, and various sulfur constituents. 
It was found that the average excretion of 4 successive ffaj-s gave 
representative values for the dail 3 ' excretion. A typical set of 

Table II 


Average Daily Exerelion of Various CoTisliluents in Urine of Dog 4 

Diet, modified Cowgill diet (3); daib' food intake, 110 gm.; weight of 
dog, 11.4 kilos. 


24 hr. excretion* of 

Per cent of ! 
total S 

Per cent of 
neutral S 

Cystine (photometric (2)) 

g7n» 

0.17 



Total N . * ! 

4.5 



Creatinine 

0.33 



Creatine 

0.14 



Total S 

0.348 



Inorganic sulfate S 

0.201 

58 


Ethereal " " 

0.035 

10 


Total neutral S ' 

0.112 

32 


Cystine S . . . 

0.045 ! 

13 

40 

Undetermined neutral S 

1 

0.067 

19 

60 


* Average of 4 consecutive days. 


figures is reported in Table II. On this dietaiy intake, Dog 4 
excreted 170 mg. of cystine, or 15 mg. per kilo per day. Cystine 
sulfur accounted for 13 per cent of the total sulfur and 40 per cent 
of the neutral sulfur. 

In carrying out C 3 'stine determinations with the urine of Dog 4, 
several difliculties were encountered. In the tresh mine, there 
was an unknown reducing substance- which interfered with the 

' The interfering substance resembled ascorbic acid in its behavior in 
the photometric determination (4), inasmuch as the reduction of phos- 
photungstic acid was inhibited by mercuric chloride, but onl 3 ' partially 
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photometric (4) and Sullivan ((5), cf. (6)) methods. The effect 
of this interfering substance gradually disappeared on standing. 
After the urine had been aged for 1 to 3 days, reliable results 
could be obtained by the photometric method but the standing 
only partially eliminated the interference with the Sullivan re- 
action. 

If the cystine in the urine was precipitated with cuprous chloride 
according to the method of Rossouw and Wilken-Jorden ((7), 
c/- (4)), the supernatant fluid (from which the copper had been 
removed by hydrogen sulflde and the latter by nitrogen) contained 
the interfering substance. When added in sufficient quantity 
to a cystine standard, the supernatant fluid completely inhibited 
color development in the Sullivan reaction. 

The cuprous chloride method had originally been designed for 
protein hydrolysates, and to obtain accurate results with dog 
urine, a number of modifications had to be introduced. After con- 
siderable experimentation, the following procedure was adopted, 
in which the copper was removed in two steps, permitting cystine 
determinations by both the photometric and Sullivan methods. 

To 35 cc. of urine in a graduated centrifuge tube, 2.5 cc. of 
glacial acetic acid are added and the mixture adjusted to pH 4.5 
with concentrated potassium hydroxide (60 per cent). To this 
mixture is added 1 cc. of a special cuprous chloride solution (con- 
taining 0.2 per cent hydrochloric acid and 25 per cent potassium 
chloride and prepared as described (7)). The cuprous chloride 
solution is added, with constant stirring, slowly drop by drop over 
a period of at least 2 minutes. After 40 minutes at room tem- 
perature, the precipitate is centrifuged off, washed with 95 per 
cent alcohol, and dissolved in 5 cc. of 25 per cent potassium 
chloride in 1 per cent hydrochloric acid (traces of insoluble ma- 
terial may remain). After dilution to 12 to 13 cc. with water, 1 
cc. of 10 per cent potassium thiocyanate is added, the volume 
adjusted to 15 cc., and the solution filtered from the copper 
thiocyanate which precipitates immediately and leaves only 


inhibited by mercuric chloride in the presence of sulfite. However, phos- 
photungstic acid is reduced by ascorbic acid in the presence of a mixture 
of cadmium and mercuric chlorides, while the urines containing the inter- 
fering substance did not develop color under these conditions. 
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traces of copper in solution. The filtrate is then used directly 
for the photometric cystine determination. To remove the last 
trace of copper, 5 cc. of the filtrate are treated in a 10 cc. graduate 
with 1 cc. of 5 per cent acetic acid and 0.5 cc. of 10 per cent potas- 
sium thiocyanate. The pH is adjusted to 4.5 with a few drops of 
pjrridine and the volume made to 7.5 cc. To 4.5 cc. of the filtrate, 
0.5 cc. of 10 per cent potassium hydroxide is added and the Sullivan 
reaction carried out in the regular manner ((5), cf. (6)). 

Eepresentative data are presented in Table III. The values 
for cystine obtained after cuprous chloride precipitation averaged 

Table III 


Cysline Delerminalions in Urine of Dog 4 by Various Methods 



1 Direct detcrminatioii 

CoiCU predpitstion 

Date 

Photo- 

SqIUy^ 

1 Photometric 

SoQiTBzx 


metric 


ReCOTETT 


Recovery 


i ffV. wr 
ti hrt. 


mg, 

Xi hrt. 

percent 

mg. per 

S4 hrt. 

perceni 

3 

90 

Negative 

79 

87 

84 

93 

4 

180 

Slightly + 

149 

83 

160 

89 

5 

182 

Negative* 

168 

92 

164 

90 

6 

228 

Slightly + 

214 

94 

162 

70 

Average of 9 determinationsf 


90 


84 


* 4 days later the modified procedure (Sullivan Method B (9, 10)) gave 
153 mg. of cystine in this specimen. (We are indebted to Dr. M. X. Sullivan 
for this determination.) 

t The average includes five other deter min ations omitted from the table. 

90 and 84 per cent by the photometric and Sullivan methods, 
respectively, of the cystine present, as estimated directly in aged 
urine by the photometric method. 

That there are present in normal and cystinvuic human urine 
substances which interfere with the Sullivan reaction is well 
known (5, 8). The inhibition with normal and cystinuric dog urine 
is much more marked. In order to overcome the effect of these 
urinary inhibitors, certain changes in the procedure were suggested 
by Sullivan’ and Hess (9). This modification of the Sullivan 

* We are indebted to Dr. M. X. Sullivan for making this method available 
before publication. 
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method has been extensively used by us for urine analysis (but 
is not recommended for protein hydrolysates; cf. (10)). With 
dog urines it gives 80 to 90 per cent of the photometric cystine 
values {cf. Table III; also (6, 10) where this method is designated 
as Sullivan Method B). 

With some cystinuric dog urines, difficulties were encountered 
in obtaining positive cyanide-nitroprusside tests. This is due 
to the presence of interfering substances and can be overcome to 
some extent by use of larger amounts of nitroprusside. 

SUMMABY 

1. Further investigations on the occurrence of cystinuria in a 
family of Irish terriers are reported. 

2. The cystine excretion and sulfur distribution in the urine of 
normal and cystinuric members of this family of dogs are 
presented. 

3. Cystinuric dog urines frequently contain substances which 
interfere with the Folin, Sullivan, and nitroprusside reactions 
for cystine. Satisfactory conditions for cystine determinations 
have been established. 

4. A procedure for the determination of cystine by both tire 
photometric and Sullivan methods after cuprous chloride precipi- 
tation is described. 
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Kuhn and Desnuelle (1) have introduced the use of the blue 
dye, porphyrindin, for the determination ofsulfhydryl groups in 
proteins. This dye has a very high potential (+0.57 volt at 
pH 7, referred to the normal hydrogen electrode (2)), and oxidizes 
cysteine stoichiometricaUy to cystine (1). They determined the 
— SH groups in heat-denatured egg albumin by adding increasing 
amounts of porphyrindin at 0° and pH 7.2 to a series of Thun- 
berg tubes containing the same amount of protein, and noted 
in which the dye was completely decolorized. The — SH groups 
corresponded to 0.58 per cent cysteine (Greenstein (3) found 0.50 
per cent by this method). In repeating Kuhn’s experiments, we 
were not able to obtain a satisfactory end-point. There was a 
fairly clear demarcation between the colorless tubes and the 
first incompletely decolorized one, but in the subsequent tubes, 
more and more dye was reduced. 

Although the determination of the — SH groups in heat-de- 
natured egg albumin gave results in agreement with those of 
Todrick and Walker (4) by 2,6-dichlorophenol indophenol oxida- 
tion and those of hlirsky and Anson (5) by oxidation with cystine, 
Kuhn and Desnuelle recognize that other oxidizable groups may 
be present in proteins. 

Greenstein (3, 6) has extended the use of porphyrindin to the 
determination of — SH groups liberated in proteins by the action 
of urea, guanidine, and their derivatives. His technique was 

* This work was aided by a grant from the John and Mary R. Markle 
Foundation. 
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somewhat different; he first treated the proteins with urea or 
guanidine hydrochloride at 25°, then titrated with a porphyrindin 
solution at this temperature. The — SH groups liberated from 
egg albumin in the presence of urea or of guanidine hydrochloride 
amounted to 1.00 and 1.24 per cent of cysteine, respectively. 

The experiments reported below show that porph 3 T:indin oxi- 
dizes not only — SH groups, but under certain conditions tyrosine 
also. With the technique here described a cysteine content of 
1.35 per cent was found for heat-denatured egg albumin. In 
native egg albumin the phenolic and — SH groups are either ab- 
sent or inaccessible to oxidation. Heat denaturation is asso- 
ciated with the liberation of — SH groups, while dispersion by 
guanidine hydrochloride is accompanied by the appearance of 
reactive — SH groups as well as reactive phenolic groups. 

EXPERIMENTAL 

Porphyrindin was S 3 mthesized as described by Kuhn and Franke 
(2); the condensation of HCN with acetoxime was carried out 
according to Porter and Hellerman (7). Eecrystallization of 
porph 3 U'indin^ from pyridine was unsuccessful. 

Standardization of Porphyrindin Solutions — Kuhn establishes 
the titer of porphyrindin solutions with pure cysteine in a series 
of Thunberg tubes at 0° and pH 7.2. This procedure gives 
satisfactory results. By Greenstein’s method, a standard solu- 
tion of cysteine hydrochloride, neutralized with ammonia to 
pH 7, is titrated with porphyrindin at 25°. We find that under 
these conditions both solutions deteriorate at 25°. However, 
the direct titration can be accomplished in the following manner. 
Porphyrindin (5 to 7 mg. per 10 cc.) is dissolved in 0.2 M phos- 
phate buffer, pH 7.2, at 0°, and the solution filtered. 2 cc. of 
the porphjTindin solution are titrated, in a test-tube kept at 
0°, with an aqueous solution of metal-free cysteine hydrochloride 
(about 50 mg. per 100 cc.) to the disappearance of the blue color. 

> An absorption maximum at 653 m#t has been reported for the dye (2). 
Using the Pulfrich photometer, we find that Zeiss Filter S-57 gives the 
highest extinction coefficient (determined at room temperature with 
freshly prepared solutions at pH 7.2 and 9). The same result was obtained 
with a number of pure preparations (one kindly furnished by Dr. Jf P. 
Greenstein). 
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The concentration of the cysteine hydrochloride solution is es- 
tablished photometrically (8) or iodometrically ((9), cf. (10)). 
1 mg. of cysteine is equivalent to 1.16 mg. of porphyrindin. 

Porphyrindin may also be standardized iodometrically. 2 cc. 
of cold porphyrindin solution, prepared as described above, are 
added to 3 cc. of a solution containing 0.3 gm. of KI in 0.5 n 
HC l, the flask being whirled during the addition." Iodine is 
immediately liberated and titrated with 0.01 N thiosulfate. 1 cc. 
of 0.01 N thiosulfate is equivalent to 1.40 mg. of porphyrindin. 
A standardized porphyrindin solution may be used to establish 
the titer of cysteine solutions. 

Stability of Porphyrindin Solutions — The crystalline dye is 
not entirely stable (1) ; it is best kept at low temperature. In our 
experience, the deterioration of porphyrindin solutions at 0° 
amounted to 3, 5, and 9 per cent in 1, 2, and 4 hours, respec- 
tively. At 25° deterioration occurred at the rate of about 0.5 
per cent per minute. We have therefore carried out all experi- 
ments with porph 3 ulndin at 0°, determining the titer of the 
porphyrindin solutions before and after each experiment. 

Reaction of Amino Acids with Porphyrindin — Sulfhydryl com- 
pounds, such as cysteine and glutathione, are stoichiometrically 
oxidized to the corresponding — S — S — compounds, even when 
an excess of porphyrindin is used. Guanidine hydrochloride has 
no effect on the reaction. Cysteine (0.86 mg.) was treated for 
15 minutes at 0° in an evacuated’ Thunberg tube, in 6.5 cc. of 
solution containing 2 cc. of 0.5 m phosphate buffer of pH 7.2, 
with 2.08 mg. of porphyrindin.^ The excess porphyrindin was 
then titrated with a standardized solution of cysteine hydro- 
chloride; 1.10 mg. of the porphyrindin were reduced (calculated 
1.06 mg.). In a parallel experiment with the addition of 3 gm. 
of guanidine hydrochloride at pH 7.2 the same amount (1.10 mg.) 
of porphyrindin was reduced. Glutathione (2.80 mg.) was treated 
imder the same conditions with 3.00 mg. of porphyrindin; 1.31 

• Although porphyrindin is destroyed on short contact with acid, the 
liberation of iodine from HI is quantitative under the conditions described. 

’ The tubes were alternately evacuated and filled with nitrogen several 
times, then left evacuated up to the time of titration. 

* The oxidation of cysteine is complete in 30 to 60 seconds, even if no 
excess of porphyrindin is added. 
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mg. of porphyrindin were reduced (calculated 1.28 mg.). In a 
parallel experiment with 3 gm. of neutral guanidine hydrochloride, 
1.29 mg. of porphyrindin were reduced. 

The I forms of cystine,® cysteic acid, tryptophane, hydroxy- 
proline, and histidine, the dl forms of methionine, serine, phenylal- 
anine, and threonine did not reduce porphyrindin when ap- 
proximately 1 to 10 mg. of the amino acid and 1 to 2 mg. of 
porphyrindin in a total volume of about 3 cc. were allowed 
to stand at 0° and pH 7.2 for 15 minutes in an evacuated® 
Thunberg tube. 

Tyrosine is oxidized by porphyrindin at 0° and pH 7.2 with the 
formation of a pink® oxidation product. It can be seen from Fig. 
1 that the oxidation depends on the reaction time (Curve 1) and 
on the amount of porphyrindin present (Curve 2). The addi- 
tion of 3 gm. of guanidine hydrochloride at pH 7.2 to the reaction 
mixture has no effect on the oxidation of tyrosine by porphyrindin 
(the triangles on Curve 2 represent experiments with added 
guanidine hydrochloride). 

Native Egg Albumin and Porphyrindin — Native egg albumin 
does not decolorize porphyrindin solutions (1, 5), even in the 
presence of a large excess of the dye. There is no reaction when 
34.3 mg. {i.e., 1 micromole on the basis of a molecular weight of 
34, 300 (10, 11)) of native egg albumin, six times recrystallized 
and then dialyzed, are allowed to stand for 10 minutes at 0° and 
pH 7.2 in a volume of 3 cc. with 2 mg. of porphyrindin (14 micro- 
equivalents). However, if such egg albumin-porphyrindin solu- 
tions are shaken continuously for 10 minutes at 0° in evacuated® 
Thunberg tubes, a small amount of porphyrindin is reduced, pre- 
sumably by surface-denatured egg albumin. 

^ Cystine and cysteic acid are extremely resistant to oxidation by 
porphyrindin at 0° and pH 7.2. No reduction of porphyrindin occurred 
when 2.5 microequivalents of these substances were treated in a volume 
of 2.6 cc. with approximately 25 microequivalents of porphyrindin for 2 
hours. On the other hand, the sulfinic acid corresponding to cysteine 
and the disulfoxide of cystine are oxidized by porphyrindin at 0° and pH 
7.2, although at a much slower rate than — SH compounds. Several hours 
were required for the reactions to be completed, even when a large excess 
of porphyrindin was used. A more detailed study of these reactions will 
be presented in a later publication, in which the possible presence of the 
sulfinic acid in denatured egg albumin will be considered. 

® With very small amounts of porphyrindin a yellow color is obtained. 
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Oxidation of Heat-Denatured Egg Albumin by Porphyrindin — 
Crystalline egg albumin (34.3 mg. in 3 cc. of phosphate buffer 
of pH 7.2, 0.5 m) was denatured by heating in an evacuated’ 
Thunberg tube for 10 minutes in a boiling water bath with vigor- 
ous shaking" (1). After being cooled to 0°, the tube was filled 
with nitrogen and a definite amount of porphyrindin was added, 
either as solid or dissolved in phosphate buffer. The volume 
was adjusted with buffer to about 5 cc. ; the tube was evacuated’ 
again and shaken for 10 minutes in ice. The excess porphyrindin 
was then titrated at 0° with cysteine hydrochloride solution. 



Fig. 1. Reaction of tj-rosine with porphyrindin. Curve 1, reaction of 
0.5 mg. of tyrosine with 1.54 mg. of porphyrindin (4 equivalents per mole), 
volume 6.5 cc., 0.2 si phosphate buffer, pH 7.2, 0°; Curve 2, reaction of 0.5 
mg. of tyrosine with varying amounts of porphyrindin, reaction time 15 
minutes, volume 6.5 cc., 0.2 ii phosphate buffer, pH 7.2, 0°; the triangles 
represent experiments with 3 gm. of guanidine hydrochloride added. 

In aU the experiments with heat-denatured egg albumin (Fig. 
2), even with the largest amount of porphyrindin, there was no 
pink or yellow color in the protein suspensions after the excess of 
the dye had been decolorized by cysteine. This indicates that 
no tyrosine was oxidized. The — SH groups determined from the 
amount of porphjuindin which was completely decolorized 
(Kuhn’s “end-point”) correspond to 0.43 per cent cj’^steine or to 
a transfer of 1.2 atoms of hydrogen per mole of protein. As the 
amount of porphyrindin in the reaction mixture is increased, 
more is reduced. When 10 to 27 microequivalents of porphyrin- 
din per micromole of egg albumin are added, the apparent cysteine 

^ Reliable results are obtained only with fairly uniform protein 
suspensions. 
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content is approximately constant at 1.35 per cent; i.e., a transfer 
of about 4 hydrogen atoms per mole. 

When 34.3 mg. of egg albumin preparation, which had been 
heat-denatured, dried, and kept without special precautions 
(Preparation C; cf. (10, 12)), were suspended in 3 cc. of phos- 
phate buffer, pH 7.2, and shaken® for 15 minutes at 0° with 39 
microequivalents of porphyrindin, no porphyrindin was reduced, 
although the preparation yielded cysteine on HCl hydrolysis.® 
This negative result may perhaps be attributed to autoxidation 
of the denatured protein. 

Oxidation of Egg Albumin by Porphyrindin in Presence of 
Guanidine Hydrochloride — Greenstein (3) treated native egg al- 



PORPHYRINDIN ADDED 

MICRO-EQUtVALENTS 

Fig. 2. Reaction of heat-denatured egg albumin with varying amounts 
of porphyrindin. 34.3 mg. of egg albumin (1 micromole) in 4 to 5 cc. of 0.2 
M phosphate buffer, pH 7.2, 10 minutes at 0°. 

bumin solutions in open tubes at 25° and pH 7 with guanidine 
hydrochloride for 45 minutes, then titrated with a porphyrindin 
solution to the appearance of the blue color. A maximum of 
titratable groups, corresponding to 1.28 per cent cysteine, was 
reached after treatment with 0.8 gm. of guanidine hydrochloride 
per 2 cc. of protein solution. 

All of our experiments were carried out in Thunberg tubes in 
an inert atmosphere.® In the first series of experiments (Fig. 3, 
experiments represented by triangles) 34.3 mg. of egg albumin in 
1 cc. of phosphate buffer of pH 7.2 were treated with 3 gm. of 
guanidine hydrochloride for 1 hour at 25°. The tubes were 

® Hydrolysis of this egg albumin preparation with 6 N HCl yielded 0.25 
per cent cysteine (12). A new method of hydrolysis, with HCl containing 
large amounts of urea, yielded 0.5 per cent cysteine (unpublished experi- 
ments of Brand and Kassell), 
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cooled to 0°, varying amounts of porphyrindin in 1 to 2 cc. of 
solution were added, and after 10 minutes at 0° the excess por- 
phyrindin was titrated with cysteine hydrochloride. In the ex- 
periments represented by dots in Fig. 3, the same amount of 
egg albumin and guanidine hydrochloride in 2 to 3 cc. of buffer 
was treated at once with graded amounts of porphyrindin at 0° 
for 15 minutes; then the excess porphyrindin was titrated with 
cysteine hydrochloride. 



Fig. 3. Reaction of egg albumin with porphyrindin in the presence of 
guanidine hydrochloride. Dots, reaction of 34.3 mg. of native egg albumin 
(1 micromole) plus 3 gm. of (neutralized) guanidine hj'drochloride with 
varying amounts of porphyrindin, volume 4 to 5 cc., 0.2 ii phosphate buffer, 
pH 7.2, 15 minutes at 0°; triangles, 34.3 mg. of native egg albumin in 1 cc. 
of 0.5 M phosphate buffer, pH 7.2, first treated for 1 hour at 25° in an inert 
atmosphere with 3 gm. of (neutralized) guanidine hydrochloride. After 
cooling to 0° varying amounts of porphyrindin in 1 to 2 cc. of diluted buffer 
were added and allowed to react 10 minutes at 0°. 

In both experiments the shape of the curve indicates that the 
reaction was not complete, even when the amoimt of porphyrindin 
reduced corresponded to a “cysteine” content of about 8 per cent, 
or to a transfer of 22 atoms of hydrogen per mole of egg albumin. 
However, when titration was completed, all the tubes which had 
been treated -with more than 10 microequivalents of porphjuindin 
showed the pink color® characteristic of the oxidation product of 
tyrosine. 

• Balls and Lineweaver (13) noted the production of a red color when a 
large quantity of porphyrindin was added to papain. 



444 


Reducing Groups and Porphyrindin 


The heat-denatured, oxidized egg albumin (Preparation C), 
which did not react with porphyrindin (c/. above), was shaken at 
0° and pH 7.2 for 16 minutes with 3 gm. of guanidine hydro- 
chloride and varying amounts of porphyrindin. Under these 
conditions 1 micromole of the egg albumin reacted with porphyrin- 
din equivalent to the transfer of 5 and 7 hydrogen atoms per mole 
when 16 and 30 microequivalents of porphyrindin, respectively, 
were added. The protein did not seem to dissolve, and after 
titration of the excess porphyrindin, the protein particles were 
distinctly yellow.® It therefore seems likely that part of the por- 
phyrindin was reduced by tyrosine. 

SUMMARY 

1. Porphyrindin solutions are relatively unstable above 0°. 

2. The oxidation of cysteine by porphyrindin does not go be- 
yond the — S — S — stage at 0° and pH 7.2. 

3. Tyrosine is oxidized by porphyrindin at 0° and pH 7.2 with 
the formation of a pink oxidation product. 

4. Native egg albumin is stable towards porphyrindin. In 
heat-denatured egg albumin, — SH groups are oxidized by por- 
phyrindin. In egg albumin dispersed by guanidine hydrochloride, 
— SH groups as well as phenolic groups are oxidized by 
porphyrindin. 

BIBLIOGRAPHY 

1. Kuhn, R., and Desnuelle, P., Z. physiol. Chcm., 261, 14 (1938). 

2. Kuhn, R., and Franke, W., Ber. chem. Ges., 68, 1528 (1935). 

3. Greenstein, J. P., J. Biol, Chem., 126, 501 (1938). 

4. Todrick, A., and Walker, E., Biochem. J., 31, 292 (1937). 

5. Mirsky, A. E., and Anson, M. L., J. Gen. Physiol., 18, 307 (1935). 

6. Greenstein, J. P., J. Biol. Chem., 128, 233 (1939). 

7. Porter, C. C., and Hellerman, L., J. Am. Chem. Soc., 61, 754 (1939). 

8. Kassell, B., and Brand, E., J. Biol. Chem., 126, 115 (1938). 

9. Lavine, T. F., J. Biol. Chem., 109, 141 (1935). 

10. Kassell, B., and Brand, E., J. Biol. Chem., 126, 145 (1938). 

11. Cohn, E. J., in Cold Spring Harbor symposia on quantitative biology. 

Cold Spring Harbor, 6, 8 (1938). 

12. Brand, E., Cahill, G. F., and Kassell, B., J. Biol. Chem., 126, 415 (1938). 

13. Balls, A. K., and Lineweaver, H., J. Biol. Chem., 130, 669 (1939). 



HEPARINASE 


Br L. B. JAQTJES 

(From the Dcparimenl of Physiology and the Connaught Laboratories, 
University of Toronto, Toronto, Canada) 

(Received for publication, January 8, 1940) 

Howell’s first physiological experiments with heparin indicated 
that its anticoagulant effect following intravenous injection wears 
off rapidly. The results of a quantitative study of this phe- 
nomenon by the author (1) emphasized the rapidity of this process. 
Howell and MacDonald (2) have suggested that the injected 
heparin is excreted. Other possibilities are that the heparin is 
stored in some tissue, probably combined with protein, or that it 
is neutralized by the secretion of coagulant substances. A fourth 
possibility is destruction of the anticoagulant by enzyme action. 
The failure to find any evidence by direct experiment (1) for the 
operation, to any great exiicnt, of the first three mechanisms in the 
dog led me to search in mammalian tissues for an enzyme which 
would inactivate heparin and hence might be responsible for the 
process. This is the subject of the present communication. 
Such an enzyme is readily obtained from rabbit liver by glycerol 
extraction, followed by fractionation of the extract with ammo- 
nium sulfate. Since the first substrate used is heparin, the name 
“heparinase” has been adopted. 

Tissue extracts may inactivate heparin o^sdng to the presence 
of (1) coagulant substances, (2) protein, or (3) heparinase. The 
coagulant substance or substances present have a direct effect 
on the clotting system used for assaying the heparin and can be 
distinguished in this way. Their acthdty is destroyed by heat. 
While thrombokinase is the usual coagulant present, other sub- 
stances with a kinase action, or thrombin, may be present. 

The phenomenon of the inactivation of heparin by proteins is 
one aspect of the reaction of heparin with proteins discovered and 
extensively inv^tigated by Fischer (3). This discovery has been 
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of the utmost importance for an appreciation of the properties of 
heparin. Inactivation of the heparin occurs if the affinity of the 
protein for heparin is great enough for it to compete with the 
clotting system for the anticoagulant. From the work of Fischer, 
inactivation by protein can be distinguished from the other types 
by the effect of heat, the effect of pH, and the reversible nature of 
the inactivation. Heating the extract increases the inactivation 
of the heparin; i.e., after denaturation the protein is able to bind 
more heparin. Protein inactivation takes place anywhere on the 
acid side of the isoelectric point of the protein (no pH optimum). 
It can be reversed by suitable treatment with alkali. 

Owing to these complicating factors, it is difficult to demonstrate 
the presence of heparinase in simple extracts. Further, special 
control experiments are required with all extracts to insure that 
only the true enzymic inactivation is involved. It must also be 
remembered that heparin is easily inactivated by heating in acid 
solution (4). For this reason suitable controls should always be 
set up and considerable care exercised in the use of heat to destroy 
the enzyme when samples are removed from the reaction mixture. 
Enzymic inactivation of heparin can be distinguished from the 
other two types of inactivation, since the activity of the enzyme 
is destroyed by heat; yet the enzyme has no direct effect on the 
clotting system. However, a more practical way to distinguish 
the enzyme inactivation is that it is progressive, whereas, after a 
brief initial period, further incubation of heparin with protein or 
kinase does not increase the amount of heparin inactivated. Also, 
it alone has a definite and narrow pH optimum (5.3 to 6.8). By 
use of these last two criteria, it is possible to demonstrate the action 
of heparinase even in the presence of the other two types of in- 
activating substances. 


EXPERIMENTAL 

Preparation of Enzyme — While various sources and types of 
extracts were tried, only the final method of preparation will be 
described. The livers (3 kilos) are removed from a number of 
rabbits, finely minced, 2 volumes of glycerol added, and the mix- 
ture stirred vigorously for 2 hours. It is then stored in the ice 
box. As required, 1 liter of this mixture is removed and dialyzed 
overnight against running water. It is then dialyzed for several 
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hours against distilled water. The cell pulp is filtered off with 
suction, with celite No. 535 (Johns-Manville) as a filter aid. 
The muddy filtrate is clarified by filtering with Johns-Manville 
standard filter-cel. A clear reddish filtrate is obtained. An 
equal volume of saturated ammonium sulfate is added and the 
mbcture filtered on a soft paper. The precipitate containing the 
heparinase is transferred to a dialyzing bag and dialyzed as 
before. SufBcient sodium chloride and tricresol are added to the 
suspension to give a concentration of 1.0 and 0.3 per cent respec- 
tively and undissolved protein is removed by centrifuging. The 
resulting heparinase preparation is stored in the ice box. It 
gradually loses actirdty over a period of several weeks. 1 cc. of 
this preparation causes destruction of 50 units, i.e. 0.5 mg., of 
standard heparin in 24 hours. 

Assay of Enzyme — In order to determine the potency of the 
e.xtract, 1 cc. of the e.xtract plus 8 cc. of physiological saline con- 
taining tricresol is taken and the pH of the mixture adjusted to 
6.0 with 0.1 N HCl. 1 cc. (100 units) of a standard heparin solu- 
tion ha saline is added. Two similar tubes are set up as controls, 
in one of which the heparin is omitted, hi the other the enzyme. 
The tubes are incubated at 37° for 24 hours. The heparin content 
of the solutions is then assayed. The two control tubes are 
mixed just before assaying. Considerable time (about an hour) 
elapses between such mixing and the addition of the blood to the 
assay tubes, so that this control will compensate for any anti- 
heparin action due to kinase or protein in the enzynne solution. 
When the boiled extract has been found to have no effect on 
heparin {i.e., absence of protein inactivation), it is possible to set 
up a single control tube containing boiled enzyme plus heparin. 
Controls of this nature have not been used to any great extent in 
the work reported, since few extracts do not show considerable 
inactivation of heparin by denatured protein although there is no 
inactivation by protein in the unheated extract. All data reported 
represent the difference in inactivation between the experimental 
and control values. Inactivation of the controls in Figs. 1 and 2 
was relatively slight. While the 24 hour value must be considered 
a qualitative rather than a quantitative test for the enzyme, it 
sufiices for preliminary studies. More accurate measurements of 
enzyme activity based on the measurement of reaction velocities 
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rather than equilibrium values are not possible at present, owing 
to the technical difficulties involved in biological assays of the 
required degree of accuracy. 

Heparin Assay — The heparin content of the enzyme digest was 
assayed by the Charles and Scott (4) modification of the Howell 
method. For some of the experiments, oxalated beef blood clotted 
with thrombin was used in place of the cat blood of the Howell 
method. This has been found to be more satisfactory for experi- 
ments of this nature, as the end-point is much sharper. The 
heparin potency is found by comparison with that of a standard 
solution. A series of dilutions of the standard is set up with each 
unknown solution. For the cat assay, the end-point is usually 
about 0.25 to 0.75 unit. The digest is diluted to a concentration 
of 5 units per cc. on the basis of the original heparin concentration. 
0.08, 0.10, 0.12, 0.15, 0.20, and 0.30 cc. of the digest are then taken 
in the assay tubes and the volume made up to 0.30 cc. with saline. 
With a 0.5 unit end-point, the end-point found with these suc- 
cessive tubes then represents 125, 100, 83, 67, 50, and 33 per cent 
of the original heparin activity. With the control solution, as it 
is not necessary to allow for such a drop in activity, the same 
amounts of a dilution equivalent to 3.3 units per cc. may be taken. 
For the thrombin assay, the end-point is established at 0.10 
unit. Hence the 5 unit per cc. solution is diluted 1 : 5, and the 
same volumes as above taken. As the end-point with the throm- 
bin assay is much sharper, mox’e tubes to include volumes inter- 
mediate between these are taken. Direct measurements showed 
that even the most acid digests had no effect on the pH of the 
blood in the dilutions used for assay. pH measurements were 
made with the Beckman glass electrode. All solutions and the 
saline used contained 0.3 per cent tricresol as a preservative. 
The heparin used was beef heparin in the form of the sodium salt, 
prepared from the crystalline barium salt and supplied by the 
Connaught Laboratories. The unit is that used by them and has 
been found to be equal to the potency of 0.01 mg. of the crystalline 
barium salt of Charles and Scott (5). 

Progress and pH-Activiiy Curves of Enzyme — From the previous 
discussion it is clear that in practice the essential data necessary 
to distinguish inactivation of heparin by heparinase from the 
more general types of inactivation by tissue extracts are the prog- 
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ress and pH-acthdtj' curves ; i.e., the demonstration of an increase 
in inactivation with time and also a true pH optimiun for the re- 
action. Progress cun'^es ohser\'ed with the enzyme are shown 
in Fig. 1. Controls were set up as described above and a sample 
from the controls was also assaj'ed. Inactivation in the control 
tubes was found to be negligible. As can be seen, with increasing 
times of incubation the amount of heparin inactivated increases, 
the curve being of the usual enzjmae type. Further, as would be 
expected, when the amount of enzyme is increased, the rate of 
inactivation of the heparin is correspondingly increased, as judged 
by the values obseived after 2 hours and 24 hours incubation. 
After 24 hours at 37°, the enzjTne appears to become largely 
inactivated, as very little further action takes place. As men- 
tioned in the method of preparation, the enzxTne is not verj' stable 
in aqueous solution, and graduallj* loses its acti\aty even when 
stored at low temperatures. Since the enzjTne is largely in- 
activated after 24 hours under the conditions of the experiment, 
the equilibrium value obtained is close to the 24 hour value and 
hence depends on the amount of enzyme used, as shown in Fig. 1. 
In order to obtain true equilibrium values, concentrated prepara- 
tions of the enzjTne and optimiun conditions for its activity must 
be used, in order that there be complete inactivation of the 
heparin before much inactivation of the enzyme has occurred. 
The pH of the enzyme mixture in this experiment was 6.8 and 
outside the optimum range for the enzyme. The pH-actiidty 
cuiv^e is shown in Fig. 2. Digests and controls were made up in 
the usual maimer and the heparin remaining after 48 hours incuba- 
tion determined. The pH was adjusted by the addition of 0.1 x 
HCl. Measurements of the pH of the mixture at the time of 
assay showed that there had been no change in pH; i.e., the buffer- 
ing power of the enzyme extract was great enough to keep the pH 
constant. To one series of tubes, 1 cc. of phosphate-acetate 
buffer was added. This appeared to have little effect on the ac- 
tivity of the enzyme. Inactivation of heparin in the controls was 
observed in the digests at pH 2.6 and 3.5 but it was relative^ 
slight. It can be seen that inacti%'ation of heparin by the enzyme 
occurs only in the pH range 3 to 7. On either side of this the 
enzyme is inactive. The optimum pH range for the enzyme ap- 
pears to be from 5.3 to 6.8. Its acthdty decreases very rapidlj' 
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on the alkaline side of the optimum, no activity being observed at 
pH 7.3. In the early investigations a number of extracts were 
tested with negative results. It is clear that this was partly due 
to the tests being at pH values outside the narrow optimum range. 
The rapid decrease in the activity of the enzyme on the alkaline 
side of the pH optimum is particularly striking. The decrease 
on the acid side is more gradual. 

Nature of Reaction — From our present knowledge of the chem- 
istry of heparin, it is conceivable that heparinase might inactivate 
heparin either by attacking the sulfate groups or the amino group 



Fig. 1. Rate of inactivation of heparin by heparinase. Heparin 100 
units in a 10 cc. digest mixture. pH 6.80. 

Fig. 2, Effect of pH on the inactivation of heparin by heparinase. 1 
cc. of enzyme -f 100 units of heparin. Total volume, 10 cc. pH established 
by addition of 0.1 n hydrochloric acid. The results of three separate ex- 
periments are shown. For the points indicated by erosses, 1 cc. of phos- 
phate-acetate buffer was included in the reaction mixture. 

or a linkage in the carbohydrate portion of the molecule. As 
shown by Chargaff (6), heparin combines with protein through 
its sulfate groups. As its anticoagulant action is dependent on 
the formation of a heparin-protein compound (Quick (7)), it 
appears not unlikely that in vivo the sulfate groups of heparin 
are bound and thus not available for the action of a sulfatase. 
To test the possibility of a sulfatase, however, 10 cc. digests were 
taken, the protein precipitated with picric acid, and the super- 
natant tested with barium chloride. No trace of precipitate or 
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turbidity was observed, whereas apparently complete precipitation 
of the barium sulfate was obsej^md in control digests to which 
1 mg. of sodium sulfate (equivalent to the sulfate in the heparin 
inactivated) had been added. Hence no inorganic sulfate is 
formed during the inactivation. Due to the high reducing value 
of the en 2 yme preparation, it is not possible at present to deter- 
mine any change in reduction. It is not improbable, however, 
that the action of the enzyme is directed at the carbohydrate 
portion of heparin. 


SUMMARY 

The inactivation of heparin by tissue extracts is discussed. 
The preparation and properties of an enzyme, heparinase, which 
inactivates heparin are described. The enzyme is prepared from 
rabbit liver. It is precipitated by half saturation with a mm onium 
sulfate, and its pH optimiun is in the range 5.3 to 6.8. 

The author is greatly indebted to Ivlr. J. Wilson of the Con- 
naught Laboratories for many of the biological assays. 
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THE EFFECT OF INSULIN ON MUSCLE RESPIRATION* 

By F. J. stare and C. A. BAIBMANN 

(From Ihc Cancer Research Laboratory, and the Department of Biochemistry, 
College of Agriculture, University of Wisconsin, Madison) 

(Received for publication, October 9, 1939) 

According to Krebs and Eggleston (1) insulin accelerates the 
respiration of muscle tissue in vitro. The effect was obsen’-ed with 
pigeon breast muscle suspended in 0.1 m phosphate buffer, pH 
6.8, supplemented with muscle juice, and citric or some dicarbox- 
ylic acid. In this system insulin was the limiting factor. Shorr 
and Barker (2) studied the effect on rabbit, cat, and dog muscle, 
and failed to observe any response to insulin. In pigeon muscle 
they observed a 20 per cent increase, in contrast to the 90 per 
cent increase reported by Krebs and Eggleston. Banga and co- 
workers (3) observed stimulation due to insulin in certain brain 
preparations fortified with fumarate, adenylic acid, and pyruvate. 

Like Shorr and Barker we have failed to observe a marked in- 
crease in respiration under the experimental conditions originally 
outlined by Krebs and Eggleston, but when a Ringer-phosphate 
medium was used, insulin increased respiration, particularly in 
the breast muscles of depancreatized pigeons (4). A detailed 
study of this insulin effect has therefore been made, including the 
character of the respiration, the response to various di- and tri- 
carboxylic acids, the effect of pancreatectomy, and a correlation 
of insulin effects in vivo and in vitro. 

Methods 

The oxygen consumption of minced pigeon breast muscle was 
measured in the usual way in a standard Warburg respirometer 
(4, 5). The medium was a Ringer-phosphate buffer free of cal- 
cium (6), pH 7.4, containing 0.2 per cent glucose. Approximately 

* Supported by the Jonathan Bownoan Cancer Fund and the Wisconsin 
Alumni Research Foundation. 
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150 mg. of fresh tissue were suspended in 2 cc. of medium. The 
medium was supplemented with 0.1 or 0.2 cc. of muscle juice 
(Kochsaft) (6), and a di- or tricarboxylic acid. The following 
acids were studied: fumaric, malic, succinic, a-ketoglutaric, citric, 
and glutamic. The solutions were brought to pH 7.4 before 
addition to the medium, and the final concentration of the “acid” 
was 0.001 or 0.005 m. Both the muscle juice and the solutions of 
dicarboxylic acid were prepared at weekly intervals. a-Keto- 
glutaric acid was always dissolved immediately prior to use. 

Two forms of insulin were available for these studies, amorphous 
insulin,^ and a commercial preparation, iletin, containing 80 
units per cc. In the earlier experiments up to 40 units of insulin 
were used per 2 cc. of medium, but these higher amounts fre- 
quently inhibited the respiration of normal muscle (4), The 
' optimum concentration appeared to be 4 units per 2 cc, of me- 
dium, and this amount was later adopted as standard. The 
experiments were continued for 4 hours. This long experimental 
period raised the question whether bacterial contamination af- 
fected respiration results. Accordingly, bacterial plate counts 
were made every hour for 9 hours. Under the usual laboratory 
conditions, with clean glassware and instruments, the number of 
organisms present was too small to affect respiration until after 
the 5th hour. 

To obtain muscle low in insulin, birds were depancreatized 1| 
to 4 weeks prior to use. Complete surgical removal of the pan- 
creas was attempted, but was probably never achieved, as small 
bits of pancreas containing islet tissue were observed on autopsy. 
However, at least 90 to 95 per cent of the pancreas had been 
removed. 

Effect of Insulin on Respiring Muscle — Insulin increased the 
respiration of pigeon breast muscle both in the presence and 
absence of supplements which themselves also increased respira- 
tion appreciably. 

Either insulin, fumarate, or muscle juice alone increased the 
oxygen uptake about 20 per cent over that of the control. Insu- 
lin and fumarate or insulin and muscle juice were somewhat more 
effective than either alone, and the three together were more 

1 We are indebted to Dr. G. H. A. Clowes of Eli Lilly and Company for 
this preparation. 
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effective than any two, causing an increase of 80 per cent over the 
unsupplemented control. The effect of insulin was most pro- 
nounced during the latter part of the experiment. During the 
3rd and 4th hours respiration had practically ceased in the un- 
supplemented control tissues, whereas in media containing insulin, 
either in the presence or absence of other supplements, muscle 
continued to respire appreciably. Insulin, therefore, tended to 
preser\'e respiration rather than to increase it. A typical experi- 
ment with the various controls is given in Table I. 

Table I* 

Effect of Insulin and Other Supplements on Oxygen Consumption of Breast 
Muscle from Depancreatized Pigeon 


Ot = total c.mm. of oxygen consumed per mg. of dry weight of tissue 
during the time t (6). 


Supplements 

0, (4 hra.) 

Oo, 

(4th hr.) 

Nonft, rnntTol 

20.6 

0.9 

Insulin (1 unit) 

28.0 

3.0 

Fumarate (0.001 m) 

26.1 

1.9 

Muscle juice (0.2 cc.) 

25.4 

2.2 

Malonate (0.001 m) 

4.7 

0.3 

Insulin -f- fumarata 

32.8 

4.5 


32.0 

4.4 

4* malonate 

5.1 

0.3 

Fumarate muscle juice 

28.0 

2.5 

malonate 


1.8 

Muscle juice malonate 

15.5 

1.3 

Insulin 4- fumarate 4" muscle juice 

37.2 

6.4 

" -f- “ + “ “ -f- malonate 

36.9 

6.3 


* To conserve space the results have been skeletonized. Detailed 
protocols of preliminary experiments are given elsewhere (4). 


Importance of Dl{Tri)-Carboxylic Acids — ^Apparently active 
di(tri)-carboxylic acids must be present in the respiring mixture 
for insulin to exert its effect. In addition to fumaric acid, the 
following were used to “sensitize” muscle to insulin; succinic, 
malic, citric (Fig. 1), a-ketoglutaric, and glutamic (Table II) 
acids. Since these substances are normally present in muscle, 
it is possible to observe an increase in respiration when insulin 
alone is added, though the effect is enhanced by the presence of 
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more dicarboxylic acid. When the dicarboxylic acid is effectively 
inactivated by malonate, respiration is strongly inhibited both in 
the presence and absence of insulin (Table I). The addition of 
fumarate restores respiration and sensitivity to insulin, even in 
the presence of malonate, since fumarate nullifies the action of 
malonate in equivalent concentrations (5). 

The degree of malonate inhibition in systems containing insulin 
and other di(tri) -carboxylic acids varied with the kind and amount 

CONTROL C=3 

mSUUN r - --- n 

SUCCINATE-^MUSCLE JUICE i ' 1 

INSULIN » sue.* M. JUICE i — • i 

fumarate »m. juice f - ■ — 1 

INS, ♦ FUM. ♦ M. JUI C E r— — ■ ■ ■ 1 

MALATE ♦ M. JUICE f— - ri 

INS.+ MALATE*M« JUICE i ' - - — » 

CITRATE ♦ M, JUICE i— n 

INS. «■ CIT. M- JUICE I - ■ ■ — — -1 

0 4 6 

Uoe 

Fig. 1. The effect of insulin and supplements on the o.\'ygen consumption 
of breast muscle from a depancreatized pigeon, during the 3rd and 4th 
hours of the experiment. 0.001 m succinate, fumarate, malate, and citrate 
were used, 0.2 cc. of muscle juice, and 1 unit of amorphous insulin. Blood 
sugar before pancreatectomy was 197 mg. per cent, after 11 days 282 mg. 
per cent. 

of acid present, in accordance with the ability of the acid to 
compensate for the malonate effect in the absence of insulin (5). 
In systems fortified with fumarate, muscle juice, and insulin, no 
inhibition within experimental error was observed in the pres- 
ence of equimolar amounts of malonate (Tables I and III). When 
citrate was substituted for fumarate, however, respiration was 
inhibited 68 per cent. In the presence of insulin only, malonate 
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inhibition was 88 per cent (Table III). Glutamic acid, like citric, 
failed to compensate for malonate (5), and insulin systems con- 
taining glutamic acid were also markedly sensitive to malonate 
(Table II). Malic and a-ketoglutaric acids were like fumaric 
acid in protecting insulin respiration from malonate, whereas 
succinic acid was somewhat less effective. 

Another factor in respiration appeared to be cocarboxylase, 
since it increased respiration in the presence of other supplements 
(Table II). Cocarboxylase^ alone had no effect on the respira- 


Table II 

Effect of Insulin, Glutamic and a-Ketoglularic Acids, and Other Supplements 
on Respiration of Pigeon Breast Muscle 


Sapplementa 

0» (4 hrs.) 

‘Jo, 

(1th hr.) 


e.mm. 


Control 

15.4 

1.2 

Glutamic acid (0.005 ii) 

24.2 

2.7 

Muscle juice (0.2 cc.) 

17.7 

1.5 

Insulin (4 units) 

14.5 

■a 

Cocarboxylase (100 7) 

13.4 


Malonate (0.005 m) 

4.6 

■a 

Glutamic acid + muscle juice 

38.5 

5.0 

“ “ -1- “ “ + insulin 

44.2 

9.6 

“ “ + " “ + “ + malonate. . 

12.7 


" " + “ " + “ + cocar- 



boxvlase 

50.0 


a-Ketoglutaric acid (0.005 m) 

18.4 

2.4 

“ “ -t- muscle juice 

24.6 

2.8 

“ “ -b “ " -b insulin 

40.0 

8.0 


tion of normal muscle, although it did increase the respiration of 
muscle from a depancreatized pigeon (Table III). 

Effect of Pancreatectomy — A marked difference between the 
muscles of normal and depancreatized birds was observed, both 
in the oxygen uptake and in the sensithdty to insulin. To a 
considerable extent it was possible to correlate these differences 
with the time elapsed from pancreatectomy until the bird was used 
for the experiment (Table 1^0- The birds were grouped into five 
groups of two to five each. Group 1 consisted of five representa- 

* We are indebted to Professor C. A. Elvehjem-for this preparation. 
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tive normal birds; Group 2, three pigeons used in the 2nd week 
after pancreatectomy; Group 3, three pigeons in good condition, 
used during the 3rd week after pancreatectomy; Group 4, two 
extremely emaciated birds used during the 3rd week after pan- 
createctomy; and Group 5, three healthy birds used during the 
4th week after pancreatectomy. 

Table III 


Effect of Malonate on Respiration of Pigeon Breast Muscle Fortified with 
Insulin, Fumarate, and Citrate 


Pigeon No. 

Supplements 

Oj 

(4 hrs.) 

Per 
cent 
inhibi- 
tion by 
nal- 
onate 



c.mm. 


4. Depan- 

None, control 

11.1 


creatized 

Malonate (0.001 m) 

5.2 

53 


Insulin (4 units) 

20.0 



“ -f- malonate 

5.9 

71 


Fumarate (0.001 m) 

18.7 



“ -h malonate 

18.1 

3 


" -f muscle juice 

21.1 



Insulin -f- “ “ -f- fumarate 

30.1 



“ -f “ “ -b “ + mal- 

29.0 

4 


onate 



7. Depan- 

None, control 

10.6 


creatized 

Malonate (0.005 m) 

3.0 

72 


Insulin (4 units) 

18.3 



“ -b malonate 

2.2 

88 


Citrate (0.005 m) 

15.5 



“ -b malonate 

5.5 

64 


“ -b muscle juice 

17.9 



Insulin -b citrate -b muscle juice 

24.5 



" -b “ -b “ “ + malonate 

7.7 

68 


Cocarboxylase (100 -y) 

19.3 



Citrate -b insulin -b muscle juice -b cocar- 

31.0 



boxylase 




During the 2nd week of recovery, control respiration was ac- 
tually somewhat higher than that of muscle from normal pigeons 
and the sensitivity to insulin had increased markedly. Insulin 
increased respiration 62 per cent in the unsupplemented tissues 
and 40 per cent in the supplemented tissues (Group 2), as com- 
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pared to increases averaging 20 and 16 per cent respectively in 
normal muscle (Group 1). Although the sensitivity to insulin 
had increased, the per cent of increase due to the complete system 


Table IV 


Effect of Pancrealeclomy on Oxygen Uptake of Pigeon Breast Muscle and Its 
Sensitivity to Insulin 



Pigeon 

No. 

■ 

B!ood 

sugar 

Os uptake of 
control (unsup- 
plemented 
tissue) 

Per cent change in A hr. 
Os uptake upon addition 
of various supplements 

Group No. 

1 

Ist hr. 

4th hr. 

Insulin 

to 

' control 

Insulin 
+ Cf-Cf 
acid 4* 
muscle 
juice to 
control 

Insulin 

to 

C4-Cf 
acid 4- 
muscle 
juice 



days 

my. 

per cent 

1 c.mm. 

e.mm. 




1. Normals 

7 


190 

9.9 

18.2 

+36 

+94 

0 


8 


180 

12.6 

26.2 

+51 

+88 

+30 


9 


187 

8.7 

12.2 

+17 

+195 

+12 


11 


184 

9.1 

17.1 

+10 

+182 

+16 


13 

1 


210 

12.1 

26.6 

-5 

+18 

+19 

1 

Average | 

190 1 

10.5 

20.1 

+20 

+116 

+16 


2. Depancreatized 

B 

■1 

210 

m 

19.1 

+100 

+100 

+16 


2 

B 

216 

nil 

28.1 

+47 

+110 

+69 


3 

1 

282 

12.5 

20.6 

+40 

+85 

+32 

Average 

236 

13.1 

22.6 

+62 

wm 

+40 


3. Depancreatized 

4 

17 

1 

7.4 

11.1 

+80 

+171 

+43 


6 

17 

290 i 

5.4 

B 

+14 

+118 

+14 


7 

19 

170 1 

7.8 

B 

+73 

+131 

+161 

Average 

230 

6.9 

9.9 

+56 

+140 

+73 


4. Depancreatized 

11 

15 

205 

6.1 

B 

-18 

+137 

+57 


H 

20 

220 

5.3 

6.0 

-10 

+87 

+44 

Average 

213 

1 

5.7 


-14 

+112 

+51 


5. Depancreatized 

9 

21 

240 

10.7 

19.8 

-24 

+13 

-28 


8 

24 

238 

9.6 

19.5 

—15 

+52 

-14 


11 

26 

243 

10.8 

20.2 

-22 

+25 

-18 

Average 

240 



-20 

+30 

-20 
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— di(tri)-carboxyIic acid, muscle juice, insulin — had decreased 
from an average of 116 to 98 per cent. This meant that the sensi- 
tivity of the muscle to supplements other than insulin had de- 
creased appreciably, presumably because insulin was a limiting 
factor in this tissue. During the 3rd week following pancreatec- 
tomy, control respiration decreased markedly; the oxygen uptake 
for the 1st hour averaged 6.9 c.mm. as compared to 10.5 for normal 
muscle, but the sensitivity to insulin persisted. Insulin alone 
increased respiration 56 per cent; insulin in the presence of a 
di(tri)-carboxyIic acid and muscle juice increased respiration 73 
per cent. The complete system increased respiration 140 per 
cent. Thus when suitable supplements were added, respiration 
was nearly equal to that of normal tissues similarly supplemented, 
indicating that the respiratory capabilities of the muscle had been 
unimpaired. Presumably the lower respiration of the unsupple- 
mented tissue was due to a lack of other essential factors as well as 
insulin. 

Somewhat different results were obtained with the muscles of 
two extremely; emaciated birds (Group 4), likewise used during the 
3rd week following pancreatectomy. The oxygen uptake was 
approximately half that of normal muscle, averaging only 5.7 
c.mm. The unsupplemented tissue did not respond to insulin, 
an average inhibition of 14 per cent being observed. However, in 
tissue supplemented with dicarboxylic acid and muscle juice, the 
addition of insulin produced an increase of 51 per cent, and the 
fully supplemented tissue gave an increase over the unsupple- 
mented tissue averaging 112 per cent. It thus appeared that the 
muscle from the emaciated birds had been so deficient in other 
factors that insulin activity could not be demonstrated until they 
were supplied. 

Pigeons which survived 4 weeks following pancreatectomy were 
lively and appeared to be fully recovered. The oxygen uptake of 
the muscle tissue also was similar to that of normal birds, but the 
response to insulin and the dicarboxylic acids was markedly less 
(Table IV, Group 5). Insulin alone inhibited respiration 20 per 
cent when added either to the unsupplemented tissues or to tissues 
supplemented with acid and muscle juice. The respiration of 
tissue fully supplemented with insulin, dicarboxylic acid, and 
muscle juice was only increased 30 per cent above that of the 
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control, an increase far lower than is usually obser\^ed. Thus 
it appeared that whereas the tissues from these birds had a nor- 
mal oxygen uptake, the dicarboxylic acids exerted very little effect, 
and insulin actually inhibited respiration. Since the tissue seemed 
to be respiring at a greater rate during the 4th week than the 3rd, 
it is possible that the restored respiration involved some other 
mechanism than that concerned with insulin and the dicarboxylic 
acids. 

Action of Treated Insulin — The question arose whether the 
effectiveness of insulin preparations in muscle respiration could 
be correlated with their action in lowering blood sugar in rabbits. 
Accordingly, insulin samples were treated to destroy their effec- 
tiveness in the Ihdng animal, and their activity on muscle was 
tested as before. The treatments included boiling for 30 minutes 
at pH 7.0, and incubation for 3 hours at 40° in the presence of 
m/ 30 alkali. AMien levels equivalent to 4 or 8 units of insulin 
were given, the treated samples failed to lower the blood sugar of 
rabbits, whereas 4 units of the imtreated insulin, lowered blood 
sugar markedly and produced convulsions. The treated insulin 
preparations, neutralized before use, were inactive in stimulating 
muscle respiration (Table V). Similar results were obtained with 
normal muscle and muscle from depancreatized birds. 

Respiratory Quotients — Since the respiration experiments ex- 
tended over a 4 hour period, it was desirable to know whether the 
oxygen uptake represented a true respiration, particularly with 
the highly fortified tissues. The respiratory quotient was there- 
fore determined during various inter\'als of the experimental 
period on muscle from both normal and depancreatized pigeons. 
Muscle from normal pigeons had a normal h.q., vaiydng from 
0.89 to 0.98 during the 1st hour of the experiment, regardless of 
whether the tissue was imsupplemented, or supplemented with 
insulin, fumarate, and muscle juice (Table VI). During the 3rd 
and 4th horns the r.q. of the imsupplemented control decreased 
to practically zero, indicating cessation of true respiration, 
whereas the r.q. of tissue supplemented with insulin, fumarate, 
and muscle juice remained normal at 1.05. With muscle from 
depancreatized pigeons, the respiratory quotients were quite 
comparable. During the 1st hour of the experiment the r.q. 
of unsupplemented or supplemented tissues remained between 
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0.89 and 1.1. In the 2nd hour of the experiment there appeared 
to be no significant change, but in the 3rd hour of the experiment, 
the E.Q. of the unsupplemented control dropped to zero, whereas 
in the presence of insulin, or insulin plus acid plus muscle juice, 
no such decrease was observed. In other words, a prolonged up- 
take of oxygen in the presence of insulin, etc., indicated a prolon- 
gation of true respiration. 

Insulin versus Malonate in Vivo — The inhibition of insulin 
action by malonate in vitro (Table III) raised the question whether 
malonate might not also hinder the action of insulin in the living 


Table V 

Effect of Treated Insulin on Respiration of Pigeon Breast Muscle 



Oi 

(4 hrs.) 

E-ictra Oi 
duo to 
insulin 


c.mm. 

c.mm. 

Normal pigeon 

Fumarate (0.005 m) -f muscle juice -f- untreated insulin 



(4 units) 

35.5 

-f6.1 

-0.1 

Fumarate (0.005 m) -^ muscle juice -1- insulin (boiled)... 

29.3 

" (0.005 “) + “ “ + “ (alkali- 



treated) 

29.8 

-fO.4 

1 

Fumarate 4- muscle juice (no insulin) 

29.4 

Depancreatized pigeon 

Fumarate (0.005 m) -f muscle juice -f untreated insulin 



(4 units) 

18.2 

-1-6.6 

Fumarate (0.005 m) -f- muscle juice -F insulin (boiled) . . . 

12.8 

4-1.2 

» (0.005 “) + “ “ -b “ (alkali- 



treated) 

10.2 

-1.4 

Fumarate (0.005 m) -}- muscle juice (no insulin) 

11.6 



animal. Accordingly, a 15 per cent solution of neutralized sodium 
malonate was injected subcutaneously into rabbits, either before 
or simultaneously with a solution of insulin. The sugar content 
of the blood was then determined at intervals, by the Shaffer- 
Hartmann method. Both fed and fasted rabbits were used. 
The exact dosages and the results of the experiments are presented 
in Table VII. The blood sugar of fed rabbits which received 4 
units of insulin fell rapidly until the animals went into convulsions 
(Babbits 1, 2, and 3). Fed Rabbits 4, 5, and 6 received the same 
amount of insulin, but in 2 cc. of 1 m malonate solution. Their 
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blood sugar showed some decrease, but much less than when insu- 
lin was given alone. Furthermore, none of these rabbits went 
into commlsions. Similar results were obtained with fed Eabbit 
7, which received malonate 15 minutes before the insulin. Fed 
Rabbits 8 and 9 received only malonate and their blood sugar 
increased somewhat. 


Table VI 


Respiratory Quotient of Pigeon Breast Musde 



Pigeon 

No. 

Supplement* 

1st hr. 



Normal 

I 

None, control 

m 




2 

Insulin -f- fumarate 4- muscle 

Hi 





juice 





3 

None, control 

0.89 




14 

H It 

0.92 


0.15 


u 

Insulin + fumarate + muscle 

0.98 


1.03 


i 

1 

juice 




Depancrea- 

4 

None, control 

0.91 


0.0 

tized 

4 

Insulin 

0.89 


0.92 


4 

** 4- fumarate -f muscle 

juice 

0.97 


1.90 


5 

None, control 

1.02 




5 

Iimulin 

0.96 




5 

“ -}■ a-ketoglutaric acid 

muscle juice 

0.96 




6 

None, control 

0.89 

0.88 

0.0 


6 

Insulin 

0.94 


1.30 


6 

" + citrate + muscle juice 

0.89 

vm 

1.02 


7 

None, control 

1.00 

Hi 

0.0 


7 

Malonate + citrate 

1.10 

nn 



7 

Insulin + citrate + muscle juice 

1.09 

■ 

1.3 


* Insulin used = 4 units; muscle juice used = 0.2 cc.; di(tri)-carboxylic 
acids = 0.005 m. 


Similar results were obtained with rabbits fasted for 24 hours. 
Malonate retarded the action of insulin in lowering blood sugar 
for about 1 hour (Rabbits 6 through 9, as compared with Rabbits 
1 to 5), but as time went on the malonate effect wore off, and the 
blood sugar decreased. With the rabbits receiving malonate 
without added insulin (Rabbits 10 through 14) there was a 
tendency for the blood sugar to rise slightly. Rabbits 12 and 13, 
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Table VII 

Effect of Insulin and Malonale on Blood Sugar of Rabbit 


Babbit 

Treatment 

Blood Sugar 



0 hr. 

Ihr. 

2 hrs. i hre. 


Fed rabbits (2-2.5 kilos) 




per 






cent 

cent 



1 

4 units insulin 

104 



MB 

2 

Same 

101 

80 



3 

(t 

120 

92 

B 

40* 

4 

4 units insulin in 2 cc. 1 m malonate 

116 



113 

5 

Same 

142 



111 

6 

(t 

96 

75 

75 


7 

10 cc. 1 M malonate, 15 min. later 4 

103 

85 

90 



units insulin 





8 

10 cc. 1 M malonate at 0 hr., 10 cc. at 

115 

143 

150 

165 


1 hr. 





9 

10 cc. 1 M malonate at 0 hr,, 5 cc. at 

117 

128 

148 

139 


1 hr. 






Fasted (24 hrs.) rabbits 2-2.5 kilos in weight 


1 

4 units insulin 

86 

■ 1 



2 

Same 

93 

Ki 

47 

54* 

3 

tf 

82 

58 

39* 


4 

it 

98 

52 

45 

39* 

5 

it 

83 

51 

42 

35* 

6 

10 cc. 1 M malonate, 15 min. later 4 

96 

83 

55 

37* 


units insulin 



1 


7 

Same 

100 

104 

61 1 

64 

8 

20 cc. 1 M malonate, 15 min. later 4 

83 

70 

66 

36* 


units insulin 



i 


9 

Same 

77 

85 

Died 

!, no 





convul- 





sions 

10 

10 cc. 1 M malonate 

93 

108 

97 

96 

11 

Same 

96 

114 

114 

115 

12 

20 cc. 1 M malonate 

106 

110 

121 

123 

13 

Same 

84 

109 

102 

135 

14 

10 cc. 1 M malonate at 0 hr., 10 cc. at 

110 

99 

212 

107 


1 hr. 






* Convulsions. 
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■n’hich received twice as much malonate as Rabbits 10 and 11, 
showed a definite rise. 

The true meaning of this antagonism between insulin and 
malonate in vivo is not clear, since a proper interpretation depends 
upon what insulin does in the li\'ing animal. If the decrease in 
blood sugar following administration of insulin is entirely due to 
withdrawal of sugar into liver storage, this phenomenon would 
appear to concern an aspect of insulin activnty different from its 
effect in increasing the oxygen consumption in vitro. Nevertheless 
it is curious that malonate and insulin should counteract each 
other both in vitro and in vivo. Since the action of malonate in 
vitro presumably concerns the C< acids, it is likely that these acids 
are also somehow involved in the action of insulin in vivo. 

Insulin in Other Species — Since most of the experiments with 
insulin in vitro have been carried out with pigeon muscle, it should 
be pointed out that this animal exhibits certain peculiarities. 
The pigeon normally has a high blood sugar content and removal 
of 95 per cent of the pancreas does not materially alter this value. 
Furthermore the pigeon is able to tolerate tremendous doses of 
insulin. We have given up to 150 units within 24 hours without 
killing the bird, and the blood sugar was reduced only 50 per cent. 
The apparent recovery of depancreatized birds after 4 weeks 
might indicate either the presence of an auxiliary respiratory 
mechanism or the ability to regenerate islet tissue in some other 
organ. Thus results with pigeon muscle can be applied to mam- 
mals only with caution. Hence, our basic experiments in vitro 
were repeated on rabbit heart, rabbit skeletal muscle, and chicken 
breast muscle. With these more slowly respiring tissues, the 
results were qualitatively similar, though quantitatively less 
spectacular than with the more rapidly respiring pigeon breast 
muscle (4). 


SUMMABT 

Our results support the general conclusion that insulin is a factor 
in the respiration of muscle. Other necessary factors are the 
di(tri)-carboxylic acids, cocarboxylase, and substances in muscle 
juice. Insulin added to normal pigeon breast muscle in vitro 
increased respiration about 20 per cent both in the presence and 
absence of other supplements; the sensitmty to insulin was in- 
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creased to 60 per cent by removal of the pancreas. The optimum 
response was obtained 1 to 2|- weeks after pancreatectomy. 

Insulin prolonged respiration, the effect being most pronounced 
after 2 hours. In muscle from depancreatized birds, insulin also 
increased respiration. The r.q. was maintained at normal levels 
for 4 hours by insulin alone or insulin plus other supplements. 
Insulin preparations inactivated by heat or alkali failed to stimu- 
late muscle respiration. Insulin action was inhibited in vitro by 
malonate, and insulin and malonate appeared to counteract each 
other to a certain extent in lowering blood sugar in the rabbit. 
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In an earlier report (1) we have described two methods for 
obtaining highly active preparations of gonadotropic hormone 
from early pregnancy urine. By subsequent purification of the 
most active products obtained in this manner, hormone fractions 
containing 4000 minimal effective doses* per mg. were prepared. 
Such preparations have been found to be practically homogeneous 
with respect to certain physical measurements (Paper III) so 
that we consider them to be the hormone in a high state of purity. 

It is proposed here to report upon the preparation of material 
containing 4000 minimal effective doses per mg. and to give the 
analytical data of, and the nature of the carbohydrate in, several 
of our gonadotropic hormone preparations. 

* Aided by grants from the American Philosophical Society, the Na- 
tional Research Council, and Parke, Davis and Company. 

* For definition of the minimal effective dose (Friedman’s rabbit ovulat- 
ing unit) see Paper I (1). A preliminary examination of the international 
standard for the gonadotropic substance of human urine of pregnancy 
(chorionic gonadotropin) has been made. This examination shows that 
1 minimal effective dose in this laboratory requires about 160 micrograms 
of the international standard. Since 1 international unit is defined 
as 100 micrograms of international standard, 1 minimal effective dose is 
therefore equivalent to about 1.6 international units in our experiments. 
A preparation assaying 4000 minimal effective doses per mg. would, there- 
fore, assay over 6000 international units per mg. 
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EXPERIMENTAL 

Preparation of Purified Hormone — 0.100 gm. of a preparation 
obtained as previously reported (1) and assaying 3000 minimal 
effective doses per mg. was dissolved in 2 cc. of ice-cold water. 
The pH was adjusted to approximately 5 with 0.1 n acetic acid 
and the solution vigorously shaken at 0-5° for 2 hours with 0.5 
cc. of chloroform. After centrifugation in the cold, the upper 
aqueous layer was separated and the chloroform emulsion washed 
by shaking for several minutes with 0.5 cc. of water. After cen- 
trifugation, the combined clear aqueous solutions were dialyzed 
in a cellophane bag against approximately 1 liter of distilled water 
for 24 hours at 0-5°. The solution within the bag was then poured 
into 30 to 40 cc. of cold dry acetone and a trace of sodium acetate 
added to induce flocculation. After chilling for several hours, the 
flocculent precipitate was centrifuged, washed once mth cold 
absolute alcohol, then several times with cold acetone, and finally 
dried in vacuo. 0.080 gm. of a product (Preparation 214D) 
assaying 4000 minimal effective doses per mg. was obtained in 
this manner. 

Carbohydrate of Pregnancy Urine Gonadotropin — Since our most 
highly purified gonadotropic material contains carbohydrate, we 
naturally wished to determine its amount. For this purpose, the 
Hagedorn-Jensen and Shaffer-Hartmann methods were first used. 
As the results of the former method were higher than those of the 
latter, and, as the former method is known to yield high results 
in the presence of the hydrolytic products of protein, it was as- 
sumed that the values given by the Shaffer-Hartmann method 
were more nearly correct. Still lower results were obtained with 
the Shaffer-Hartmann method after clarification with zinc hydrox- 
ide. On account of the discrepant results obtained by the various 
methods used, an independent procedure was sought for. Ac- 
cordingly the orcinol method (2) as modified by Sorensen and 
Haugaard (3) was investigated. 

This colorimetric method yields, to some extent, colors which 
are different with different sugars, so it was necessary to determine 
the identity of the sugar in the gonadotropin. Therefore, solu- 
tions of various sugars were studied. Since uronic acid, pentose, 
and ketohexose had previously been shown to be absent from our 
hormone preparations, the common aldohexoses, glucose, galac- 
tose, and mannose, and equimolar mixtures of any two of these 
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sugars, -were examined. Although the rate of color development 
■was studied in each case according to the procedure of Sorensen 
and Haugaard, the results, in agreement -with the report of Hart- 
mann and Benz (4), -were not adequate to -vrarrant a final decision 
concerning the nature of the carbohydrate in the hormone. 
Ultimately it ■was found ad\Tsable simply to study by means of the 
Evelyn photoelectric filter photometer the colors developed after 
heating 20 minutes at 80-81°; filters exhibiting maximum trans- 
mission at 420 and 520 mfi were used. In Table I are listed the 
ratios of the e.xtinction coefficients ciioAmo determined for the 
sugars, the mixtures of sugars, and the hormone.^ Each value 
represents the average of five or more indi^vidual determinations. 
(Glucose was not studied because it had been excluded by the 
method described below.) Information summarized in Table I 
permits the conclusion that the sugar of the hormone does not 
consist of mannose, or equimolar mixtures of glucose and man- 
nose, or of glucose and galactose. 

A simultaneous study of the carbazole method of Dische (5) 
showed that this procedure, when modified, yields more consistent 
and conclusive results. The details of the study of this procedure 
have been recorded elsewhere (6). From the relative transmis- 
sions obtained with this method, the ratios, esjo/tuo, were calcu- 
lated. The ratios obtained by using a number of hormone prepa- 
rations together with the ratios pre\dously obtained ■with various 
sugars are given in Table II. A comparison of the figures sho^ws 
that the sugar of the purified hormone is not glucose, mannose, or 
an equimolar mixture of glucose and galactose. With both 
the orcinol and carbazole methods the averages of ratios given by 
the hormone preparations are somewhat closer to the ratio of 
galactose than to that of an equimolar mixture of galactose and 
mannose. Firrthermore, we feel that the uncontrollable errors 
of the carbazole method are more likely to cause the hormone 
ratio to be low rather than high when this method is ■used (6). 
Aqueous solutions of these preparations are faintly yellow in color 
and absorb light sufficiently at 420 m;: to increase the error in the 
same direction; namely, to make the apparent ratio e-^o/uio 
lower than the true one. These considerations lead ■us to conclude 
that the sugar of the hormone is galactose (8). Further support 

’ 64 J 0 refers to co (the negative log of the transmission) at 420 m^, etc. 
The internal diameter of the test-tubes employed was 19 mm. 
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for this conclusion has been gained by the isolation of galactose 
from two crude preparations and by tlie inability to isolate man- 
nose in one instance. We feel that our conclusion is probably 
correct but that further proof obtained by the isolation of the 
sugar from more highly purified preparations is desirable. 

Isolation of Galactose — 0,20 gm. of a crude gonadotropin prepa- 
ration assaying 500 minimal effective doses per mg. was hydrolyzed 
with 25 cc. of 0.1 n H2SO4 at 100° for 6 hours. To the cooled 
solution 10 cc. of Hopkins’ reagent (10 per cent HgS04 in 5 per 
cent H2SO4) were added, with stirring, followed by the addition 
of enough saturated Ba(OH)2 to render the mixture only faintly 
acidic. Excess solid BaCOs was then introduced, and stirring 
was continued for several hours. 5 volumes of alcohol were added, 
the mixture allowed to stand in the cold room overnight, and. 

Table I 

Comparison of Colors Produced by Hormone and Various Hexoses in 

Orcinol Reaction 


Concentrations of sugar of 0.1 mg. per cc. were used. 


Preparation 


Mannose 

5.90 

Glucose-mannose 

5.86 

Hormone (2000-3000 minimal effective doses per rag.) .... 

4.74 

Galactose 

4.67 

Galactose-mannose 

4.45 

Glucose-galactose 

4.37 




after filtration, the precipitate was washed repeatedly with 95 
per cent alcohol. The combined filtrate and alcohol washings 
were evaporated to dryness in vacuo. The residue was dissolved 
in 2 cc. of water, 6 cc. of absolute alcohol were added, and the 
cloudy suspension chilled 5 to 6 hours. After centrifugation, the 
supernatant liquid was again evaporated to dryness and the residue 
extracted with 3 to 4 cc. of warm methyl alcohol. Upon evapora- 
tion of the alcoholic solution a small microcrystalline residue was 
obtained.® The material was dissolved in 0.5 cc. of water and 

^ 1 gm. of another preparation containing 1000 to 2000 minimal effective 
doses per mg. was studied in this way. In this instance, the corresponding 
residue wa^ dissolved in 0.5 cc. of water and about 0.02 cc. was tested with 
carbazole which yielded a color giving a ratio of csso/e^ao = 1.0. Mannose 
phenylhydrazone could not be obtained from the remainder of this solu- 
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treated -n-ith 0.1 gm. of freshly distilled a-methylphenylhydrazme. 
Alcohol was added dropwise until a clear solution was obtained. 


Table II 

Comparison of Colors Produced hy Several Hormone Preparations in 
Carhaeole Reaction 


Preparation 

No. 

Activity 

Concentration 

‘a 

4S9 

W'et 

85C 

per mg. 

2000 

1 mg. per cc. 

0.98 


n 

1.04 

160Ct 

2000 

0.56 


WSEM 

mSm 

195C 

2000 

0.98 

0.294 

0.312 

BSI 

198C 

2000 

0.99 

0.357 

0.330 

msM 

209C 

2000 

1.08 

0.283 

0.311 


214C 

3000 

0.98 

mmm 

0.264 


214C 

3000 

0.66 

BiS 

0.220 

0.99 

lOlC 

3000 

0.93 

Wmm 

0.346 

0.99 

82D§ 

3000 

0.94 


0.324 

1.05 

83D 

3000 

1.01 

0.346 

0.326 

1.06 

85D 

3000 

0.99 j 

0.316 

0.315 

1.00 

99D 

4000 

1.22 

0.426 

0.458 

0.93 

lOlD 

4000 

1.18 

0.426 

0.432 

0.99 

214E11 

4000 

1.15 

0.409 

0.432 

0.95 

214F«I 

4000 

0.65 

1 

0.231 

0.229 

1.01 


* Minimal effective doses. 

t The ratios in the last column, which are averages of duplicates agreeing 
within 5 per cent, are to be compared with the ratios obtained recently 
with various he.voses and their equimolar mixtures: glucose 2.60 to 2.70, 
galactose 1.10 to 1.20, mannose 0.65 to 0.70, galactose-mannose 0.80 to 
0.85, glucose-mannose 1.10 to 1.20, glucose-galactose 1.60 to 1.70. These 
values ate slightly higher than those previously reported (6), since new 
carbazole reagents have been employed and traces of nitrate rigorously 
excluded. 

} All of the C preparations were made by the method previously de- 
scribed (1). 

§ The D preparations were obtained from the corresponding C fractions 
by the procedure described in the experimental part of this paper. 

11 Prepared from Preparation 214C by precipitation with tannic acid 
and subsequent removal of the tannic acid. 

Prepared from Preparation 214C by precipitation with I- and KI (7). 

This was allowed to stand 10 to 15 hours at room temperatmre, 
during which period characteristic crystals of galactose methyl- 

tion. These observations confirm our belief that galactose is the only 
sugar present. 
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phenylhydrazone were deposited. After subsequent chilling and 
centrifugation the product was recrystallized from a minimal 
amount of 30 per cent alcohol. Approximately 5 mg. of product 
were obtained, melting at 187°. A mixed melting point with an 
authentic sample of galactose methylphenylhydrazone was 
187-188°. 

In an attempt to isolate mannose 0.5 gm. of a similar preparation 
was hydrolyzed in the same manner. The fractionation was 
carried out essentially as described above. From a volume of 
0.5 cc. of aqueous solution no precipitate of mannose phenyl- 
hydrazone could be obtained after 24 hours. Addition of methyl- 
phenylhydrazine to the solution produced after 8 to 10 hours 
characteristic crystals of galactose methylphenylhydrazone. 
Mannose appears to be absent or, at the most, present only in 
traces in these preparations. 

Composition of Purified Horinone Preparations — The data of one 
of our purest preparations are given in Table III, and, for com- 
parison, the results of analyses of a number of less pure prepara- 
tions possessing biological activities ranging from 500 to 3000 
minimal effective doses per mg. All preparations were found to 
be remarkably similar in composition, despite an 8-fold difference 
in activity. The purest fractions contained, on an ash-free basis, 
approximately 50 per cent carbon, 7 per cent hydrogen, 12 per 
cent nitrogen, and 2 per cent sulfur (most of which was probably 
inorganic). There was no phosphorus present. Uronic acid, 
pentose, and ketohexose likewdse were absent. Arginine and 
histidine were absent or present only in traces. 

The quantitative estimations of galactose were carried out by 
means of the carbazole reaction (6), with a filter transmitting at 
540 m/z. Values of 10 to 12 per cent galactose were obtained 
(Table III). The hexosamine values ranged from 5 to 6 per cent. 

The Shaffer-Hartmann method which was used for determining 
the total reducing sugar was standardized udth galactose and the 
results calculated in terms of that sugar. The accuracy of this 
method, when used on solutions such as ours, is confirmed by the 
fact that the sums of the galactose (carbazole method) and the 
hexosamine values approximate closely in most cases the Shaffer- 
Hartmann (with zinc hydroxide) figures. In most cases the ratio 
of total reducing sugar (calculated as galactose) to hexosamine 
was approximately 3:1. The molar ratio of galactose to hexos- 
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amine was approximately 2:1, thus suggesting that the poly- 
saccharide may be comprised of hexosamine digalactose imits. 
Since the molar ratio of acetyl to hexosamine in all cases was 
2:1, it is likely that the amino group of the hexosamine moiety 

Table III 


Composition of Gonadotropic Hormone Preparations 
All analyses are calculated on an ash-free basis. The samples were 
dried in eacuo at 90-100°. 


Preparation No 

165C 

1600 

195C 

19SC 

2090 

2HO 

214D 

Activity, m.e.d. 




« 




per mg 

500 

2000 


2000 

2000 


4000 

Ash, % 

11.10 

10.40 

6.95 

5.00 

3.28 


1.92 

c, % 







50.42 

H, % 






HQQ 

6.95 

N, % 

11.81 

11.70 

12.85 

12.25 

12.76 

12.35 


s, % 



3.14 

3.06 

2.54 

2.72 

1.96 

Initial sugar, *%. 


6.1 

5.4 

7.3 

5.3 

5.6 

6.6 

Total sugar,* %. 

17.9 

18.8 

18.4 

19.4 

18.0 

19.5 

17.8 

" “ t%.. 


16.2 

15.5 


15.2 

16.0 

16.2 

Galactose,! %. . 


10.0 


12.4 

10.3 

11.8 

10.7 

Hexosamine,§%. 

5.2211 

4.9511 


5.79 

5.38 

6.32 

5.2 

Acetyl, Ti % 

2.3711 

2.6611 

2.76 

2.95 

2.90 

3.01 


Molar ratio 








Acetyl to hex- 








osamine 

1.87 

2.23 

2.32 

2.14 

2.24 

1.96 


Galactose to 








hexosamine.. 


2.1 

2.2 

2.1 

1.9 

1.9 

2.1 


* Initial and total reducing sugar was estimated by the Somogyi (9) 
modification of the Shaffer-Hartmann method after preliminary hydrob'sis 
with 2 N HCl for 2 to 3 hours at 100°. 

t Clarification with Zn(OH)j. 

t Carbazole method. 

§ Palmer-Smyth-Meyer (10) modification of the Elson-Morgan 
procedure. 

II We thank Dr. K. Meyer for these analyses. 

H Suzuki (11) modification of the Friedrich, Rappaport, and Sternberg 
method. 

is acetylated, and that the other acetyl group is attached to some 
other portion of the hormone molecule. That the amino group 
of the hexosamine is acetylated is further indicated by hydrolysis 
experiments (Table IV). Although heating at 100° for 2 to 3 
hours with 2 n HCl was sufficient to liberate all of the available 



















474 


Gonadotropic Hormone. II 


reducing groups, maximum hexosaminc values could not be ob- 
tained until the hormone was heated for 8 to 10 hours with 4 n 
HCl. As liexosamine gives a color wdth the reagents only when 
the amino group and the reducing group are free, the experiment 
just described may be explained on the assumption that acetyl is 
split off slowly. 

The presence of galactose and hexosamine suggested that the 
carbohydrate of the hormone might be serologically related to the 
blood Group A specific polysaccharide, as was found to be the 
case by Meyer and coworkers (12) for their neutral polysaccharide 
of gastric mucosa and by Goebel (13) for the carbohydrate of 

Table IV 


Liberation of Reducing Sugar and Hexosamine. Hydrolysis of Hormone 

with 2 N HCl at 100° 


Period of hydroij'sis 

Reducing sugar 

Hexosamine* 

hrs, 

1 

per cent 

per cmi 

0 1 

5.9 

0.4 

2 

18.0 

2.1 

4 

17.9 

3.3 

8 


4.4 

10 

17.6 

4.4t 


* Palmer-Smyth-Meyer (10) modification of the EIson-Morgan 
procedure, 

t Maximum values of 5.4 per cent were not obtained until the hormone 
was heated with 4 n HCI for 8 to 10 hours. 

peptone. In a dilution of 1 : 1000, Preparation 195 (2000 minimal 
effective doses per mg.) failed to develop a precipitate with 
Group A antisera nor did the solution inhibit hemolysis of sheep 
cells in anti-A rabbit serum. ^ The carbohydrate portion of the 
hormone molecule appears therefore to be unrelated serologically 
to the blood Group A specific polysaccharide. 

DISCUSSION 

The similarity in the chemical composition of our gonadotropic 
preparations which vary markedly in biological potency suggests 
the possibility that the less pure preparations contain significant 

^ Through the courtesy of Dr. W. Henle. 
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amounts of inactivated hormone, or that they contain as a con- 
taminant another urinaiy glycoprotein of similar composition. 
The fact that considerable inactivation occurs in aqueous solution 
at low temperatures (1) argues for the formation in mine (as well 
as in solution during the fractionation process) of degradation 
products ha\ing chemical and physical properties very similar to 
those of the hormone. If this decomposition is accompanied 
the loss or rupture of certain portions of the molecule, it cannot 
be detected by the analjdical methods used. 

Om inability to improve by chemical means the potency of 
occasional preparations made by our process, but assajdng 1000 
minimal effective doses per mg., lends further support to our be- 
lief that the urine may contain inactivated hormone and that a 
continuous degradation is proceeding from the time of collection 
of the urine to the preparation of our most active products. Fur- 
thermore, the fact that in some instances material containing 
4000 minimal effective doses per mg. may be obtained, whereas 
at other times somewhat less active preparations are recovered 
under identical conditions, strengthens this belief. 

Unsuccessful attempts have been made to isolate the poty- 
saccharide of our hormone preparations by treatment with 2 per 
cent NasCOj at 70° and 100° for 10 minutes (12) or by boiling with 
10 per cent Ba(OH )2 for 24 hours. Further efforts will be made 
after sufficient quantities of purified hormone are available to us. 

We wish to acknowledge the assistance of Miss Dorothy B. 
Hood. 


SUJIMART 

Further details of methods for purification of the gonadotropin 
of human pregnancy urine are presented, along with analytical 
data of a niunber of preparations thus piuified. The analytical 
data suggest that these preparations are glycoproteins. 

A study of the hormone by means of the orcinol and carbazole 
reactions indicates that the non-hexosamine carbohydrate is 
galactose. This conclusion has been confirmed b 5 ' the isolation 
of galactose from hormone preparations. Attempts to isolate 
mannose have been unsuccessful. 

The molar ratio of galactose to hexosamine (2:1) suggests the 
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possibility that the carbohydrate portion of the hormone molecule 
is built up of hexosaminc digalactose units. 

Evidence is presented suggesting that the amino group of the 
hexosamine is acetylated and another acetyl group is attached 
elsewhere in the molecule. 

The hormone appears to bear no serological relationship to the 
blood Group A specific polysaccharide. 
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In Paper II (1) of this series we reported upon the chemical 
composition of purified preparations of pregnancy urine gonado- 
tropin. These analyses confirmed and extended the investigations 
of Fischer and Ertel (2) and of Meyer (3), and supported their 
belief that pregnancy gonadotropin is a glycoprotein. Recently, 
we have also reported (4) in a preliminary way the results of a 
study of some physical properties of purified preparations of the 
hormone. The pimpose of the present communication is to record 
these studies in further detail, and to discuss their significance in 
relation to the purity of such preparations. 

EXPERIMENTAL 

Electrophoresis Studies ^ — Two highly active hormone prepara- 
tions were investigated by means of the Tiselius electrophoresis 
apparatus. Although both preparations were similarlj’- made 
(the details have been described elsewhere (1, 5)), one preparation 
was less active than the other. The less active preparation (No. 
219D, assaying 2000 to 3000 minim al effective doses^ per mg.) 
was employed in the first experiment, after a preliminary dialysis 

* We wish to thank Parke, Davis and Company for financial aid. 

* We ■R'ish to acknowledge our gratitude to Dr. Florence B. Seibert who 
carried out the electrophoresis experiments for us. 

* The biological test method employed (6) has been discussed elsewhere 

a. 5). 
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for 24 hours against phosphate buffer having a pH of 7.0 with an 
ionic strength of 0.1. The final solution of hormone had a volume 
of 10 cc. and a concentration of 1.25 per cent. 200 volts (15 
milliamperes) were employed. Two mobile components were 
observed; viz., one component having a mobility of 4.32 X 10~' 
sq. cm. sec.“^ volt”', and another, in much lower concentration, 
with a mobility only slightly greater than the first. A moderately 
strong immobile band (presumably due to polysaccharide) was 
likewise observed. Soon after the voltage was increased to 300, 
decomposition appeared to set in, and the experiment was there- 
fore stopped (2^ hours after the beginning). The solutions in the 
various compartments were recovered in the customary way. 
The materials in these solutions were isolated, after dialysis against 
distilled water at 0-5° for 15 hours, by precipitation with 20 vol- 
umes of cold acetone. From the compartment containing only 
the mobile fraction, 25 mg. of an active product were recovered 
which assayed 1000 to 1500 minimal effective doses per mg.’ 
Upon analysis, this preparation was found to contain 17.8 per 
cent total reducing sugar (Shaffer-Hartmann method), 5.98 per 
cent hexosamine, and 12.3 per cent galactose (by the carbazole 
method (1, 7)), values similar to those obtained before electro- 
phoresis, The ratio € 62 o/ei 2 o, determined by the carbazole pro- 
cedure (7), was found to be 1.05, which is interpreted as confirma- 
tory of previous evidence that galactose is the only hexose present 
(1). This product gave positive biuret and ninhydrin tests. 

From the compartment containing the immobile component, 
1 to 2 mg. of solid was recovered. The material, presumably 
polysaccharide, was non-dialyzable, and contained sugar. Since 
there was so little material available, no quantitative estimation of 
sugar was made. 

From this experiment it seems clear that, while preparations 
containing 2000 to 3000 minimal effective doses per mg. are impure, 
they nevertheless appear to contain as impurity but one other 
protein contaminant in significant amounts, along with a small 

® The reduced activity of the resulting product was in all probability 
due to decomposition which occurred during the experiment. The condi- 
tions of the latter required solution of the hormone in water over a period 
of 48 hours, and this has been found (5) to cause significant loss of biological 
activity. See also foot-note 6. 
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quantity of polysaccharide. Because of the similar electrochem- 
ical characteristics of the t^YO protein compounds, \ve believe that 
one represents a degradation product of the hormone. 

Preparation 214D (4000 minimal effective doses per mg.) was 
also investigated in the Tiselius apparatus. A concentration of 
0.5 per cent was employed, with the conditions of the experiment 
maintained as described above except for a slight decrease in the 
voltage used (180 volts). In this case only one mobile band ap- 



Fig. 1. Photographs obtained with Preparation 214D in the Tiselius 
electrophoresis apparatus. Exposures 1 and 2 represent the mobile pro- 
tein band after 28 and 60 minutes respectively. Exposure 3 shows the 
protein band pushed down by the compensator 2 hours after the start. 
Exposure 4 shows the immobile carbohydrate component. 


peared, as can be seen in Exposures 1 and 2 of Fig. 1 ,^ taken 28 
and 60 minutes respectively after the start of the experiment. 
After 2 hours there could still be obsert-ed but a single mobile 
band (Exposure 3). A very faint immobile band was observed 
at this time (Exposme 4), indicating the presence of a trace of 

* The photographs were made by means of the Toepler schlieren method 
(8). This is also true of the experiments in which the ultracentrifuge was 
used. 
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uncharged contaminant (presumably polysaccharide). In view 
of the small amount of immobile component isolated in the first 
experiment, we belie-\m that only traces of a similar impurity were 
present in the more highly purified material. 

The mobility was found to be 4.85 X 10~^ sq. cm. sec.-i volt"', 
a value which agr-ees well with that obtained in the fir-st experi- 
ment. It seems clear from this experiment that Preparation 
214D is practically homogeneous with respect to electrical charge. 

JJllracentrijiige Studies '^ — A 1.8 per cent solution of Preparation 
214D (4000 minimal effective doses per mg.) in water shoAved one 
single sedimenting band when centrifuged at 250,000 to 260,000 
times gr-avity. Exposures 1 to 4 (Fig. 2) slrow the sedimentation 



Fig. 2. Photogr.aphs obtained with Preparation 214D in the ultracentri 
fuge. Exposures 1 to 4 were taken during a time interval of li hours. 

during a time interval of IJ hours. The sedimentation constant 
was found to be 4.3 X cm. sec.~^ dyne~h uncorrected for 
temperature. Unfortunately, during a part of the run the speed 
of the centrifuge was varied and therefore this value can only 
be an approximation. 

A second preparation (4000 minimal effective doses per mg.) 
obtained by precipitation with U in Kl (Meyer (3)) was similarly 
examined. In this case a 0.2 per cent solution was employed. 
As in the previous experiment, only a single sharp band was ob- 

® We wish to thank Dr. A. E. Severinghaus and Dr. J. A. Chiles, Jr-, 
for making the measurements reported. 
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sensed.® The sedimentation constant was found to be 5.4 X 
10““ cm. sec.“* djme”*, uncorrected for temperature. If the 
molecule is spherical, these values indicate a molecular weight 
of 60,000 to 80,000. 

Isodeclric Point— The isoelectric point of a number of prepara- 
tions ranging in activity from 2000 to 4000 minimal effective doses 
per mg. was determined by means of a Bull microelectrophoresis 
apparatus (9). Each preparation was dissolved in 0.02 m citrate 
buffer and 0.1 and 0.01 per cent solutions of the hormone were 
mixed with small quantities (0.1 volume) of an aqueous suspension 
of colloidal collodion prepared by the method of Zozaya (10). 
The suspensions were stirred for 30 minutes. The pH of the 
buffer solutions and the suspensions (after stirring) was checked 


Table I 

Charge on Collodion Particles after Adsorption of Hormone 


Prepara- 
tion No. 

1 

Activity 

pH 

4.96 

4.10 

3.S0 

3.30 

3.20 

3.05 

2.25 


m.t.d.* per 
mg. 








214D 

4000 

_ 

— 


— 


+ 

1 

198C 

2000 

— 

— 

— 

— 


+ 

+ 

160C 

2000 

— 

— 

— 

— 

1 + 1 

+ 

+ 


* Minimal effective doses. 


by means of a glass electrode. In every case (see Table I) the 
isoelectric point was found to lie between pH 3.2 and 3.3. Spiel- 
man and Meyer (11) have reported electrophoresis experiments 
that indicate an isoelectric point of 3.3 to 3.5. 

DISCUSSION 

If the implications of the work of Fischer and Ertel, of Meyer, 
and of om^elves, relative to the chemistry of pregnancy gonado- 

* These solutions of hormone which appeared homogeneous in the ultra- 
centrifuge were allowed to stand for approximate^’ 36 hours in the cold. 
Upon reexamination in the ultracentrifuge six distinct sedimenting com- 
ponents were observed (personal communication of Dr. A. E. Severing- 
haus). It is clear that extensive decomposition takes place under these 
conditions. 
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tropin are valid, this hormone is a glycoprotein containing a high 
percentage of carbohydrate. Since, to our knowledge, no glyco- 
protein having a similarly high content of sugar has yet been ob- 
tained in crystalline form, it is not surprising that our attempts to 
crystallize the hormone have failed. Despite such failure, how- 
ever, we believe that our preparations which assay 4000 minimal 
effective doses in the postpartum rabbit contain the hormone 
in a high state of purity. 

The order of the biological activity of our best preparations is 
constantly in the range of 4000 minimal effective doses per mg., 
irrespective of the methods of purification by which they have 
been obtained. We have not been able to raise the potency of 
such preparations by further treatment. The chemical analyses of 
products of varying biological activity indicate that, with increase 
of activity toward the maximum, there is little change in the con- 
tent of hexosamine, acetyl, and galactose. The impurities in the 
less active preparations therefore would seem to be similar in 
composition to the active substance and may be degradation 
products, already preformed in pregnancy urine or formed during 
the course of the fractionation procedures. 

It seems evident from the electrophoresis experiments reported 
in this paper that the biological activity is associated with mobile 
material which gives the biuret and ninhydrin tests and contains 
12 per cent galactose. We have reported elsewhere (1) our in- 
ability to separate the carbohydrate from the protein by dialysis 
or by heating with dilute alkali. Similar findings have been 
reported recently by Hartmann and Benz (12). No evidence of 
separation could be obtained by shaking aqueous solutions of the 
hormone with chloroform (13) at a pH range of 5 to 8. The 
linkage between carbohydrate and protein is therefore a firm one. 
This evidence together with the analytical data indicates that 
Preparation 214D is a glycoprotein. It contains 4000 minimal 
effective doses per mg. and, with the method used, appears to be 
practically homogeneous with respect to electric charge. 

From the results of the ultracentrifuge studies it also seems clear 
that Preparation 214D and another preparation of similar bio- 
logical activity (prepared by precipitation with iodine) are homo- 
geneous with respect to molecular weight. Although the sedi- 
mentation values here reported are admittedly approximations, 
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it would appear likely that the minimum molecular weight of the 
hormone lies somewhere between 60,000 and 80,000. An acciuate 
estimation of molecular weight will necessitate a determination 
of the diffusion constant, but because of the marked instability 
of the gonadotropin in aqueous solution such a study has not j’-et 
been possible. The presumably large molecular weight seems verj' 
surprising in \’iew of the fact that the hormone is excreted by the 
normal human kidney. However, the actual weight of hormone 
axcreted into the luine is quite small. 

It is realized that additional e\idence -nith respect to homo- 
geneity is desirable. We hope that, as more material becomes 
available, it nill be possible to carry out more extensive e.xperi- 
ments both with the ultracentrifuge and with the Tiselius ap- 
paratus. 

It should be obser\'ed that the acid isoelectric point of the hor- 
mone is probably a reflection of the low content of basic amino 
acids. It is therefore not sxurprising that arginine and histidine 
are absent, or present only in traces. The lysine content has as 
yet not been investigated. 


StJMMART 

Electrophoretic studies of a pregnancy urine gonadotropin 
preparation containing 4000 minimal effective (ovulating) doses 
per mg. show that it is a protein very nearly electrochemically 
homogeneous, with a mobility of 4.8 X 10“® sq. cm. sec.'* volt~^ 
at pH 7. The characteristic biological actmty of the hormone is 
associated with this mobile protein and analytical data indicate 
that it is a glycoprotein. 

In the ultracentrifuge, the same preparation as well as a second 
one of equally high biological activity but purified by a different 
method sedimented as a single component. They appear there- 
fore to be homogeneous with respect to molecular weight. The 
calculated sedimentation constant (approximately 5 X 10“^’ 
cm. sec.~i dyne~i) suggests that the minimal molecular weight 
lies between 60,000 and 80,000. 

The isoelectric point was found to be pH 3.2 to 3.3. 

The evidence here reported indicates that hormone preparations 
assa 3 dng 4000 minimal effective doses per mg. are practically 
homogeneous glycoproteins. 



484 


Gonadotropic Hormone. Ill 


BIBLIOGRAPHY 

1. Gurin, S., Bachman, C., and Wilson, D. W., J. Biol. Chem., 133, 467 

(1940). 

2. Fischer, F. G., and Ertel, L., Z. physiol. Chcm., 202, 83 (1931). 

3. Meyer, K., in Kurzrok, R., The endocrines in obstetrics and gynecology, 

Baltimore, 115 (1937). 

4. Gurin, S., Bachman, C., and Wilson, D. W., J. Am. Chem. Soc., 61, 

2251 (1939). 

5. Gurin, S., Bachman, C., and Wilson, D. W., J. Biol. Chem., 128, 525 

(1939). 

6. Friedman, M. H., J. Pharmacol, and Exp. Thcrap., 46, 7 (1932); £ndo- 

crinology, 24, 617 (1939). 

7. Gurin, S., and Hood, D. B., J. Biol. Chem., 131, 211 (1939). 

8. Tiselius, A., Pedersen, K. O., and Eriksson-Quensel, I.-B., Ealun, 

139, 546 (1937). 

9. Bull, H. B., J. Physic. Chem., 39, 577 (1935). 

10. Zozaya, J., J. Exp. Med., 65, 325 (1932). 

11. Spielman, M. A., and Meyer, R. K., Proc. Soc. Exp. Biol, and Med,, 

37, 623 (1938). 

12. Hartmann, M., and Benz, F., Nature, 142, 115 (1938), 

13. Sevag, M. G., Biochem. Z., 273, 419 (1934). 



NOTE ON THE ACTION OF COPPER AND PHENYL- 
HYDRAZINE ON CERTAIN DEHYDROGENASES 

Bt FREDERICK BERNHELM 

{From {he Dcparlmcnt of Physiology and Pharmacology, Duke University 
School of Medicine, Durham, Korlh Carolina) 

(Received for publication, January 27, 1940) 

The inhibitory action of copper on succinoxidase is the result of 
its catalytic effect on the oxidation of — SH groups in the enzyme 
protein (1). It follows from this that a concentration of copper 
which causes no inhibition immediately after its addition to the 
enzyme should cause an inhibition if shaken with it in air. This 
has been shown to be the case. Because copper catalyzes the 
oxidation of a number of different groups, it was of interest to see 
whether it had a similar effect on other enzymes. 

EXPEHISIENTAL 

Rat liver was used as the source of the enzymes. It was 
treated as already described (2) with the exception that the in- 
soluble proteins were washed with phosphate buffer at pH 7.8 
instead of pH 6.7. After four washings by centrifugation, a 
light yellow suspension was obtained which was almost completely 
free of hemoglobin and oxidizable substrates. If the Qo, of the 
succinoxidase is taken as 100 per cent, then the concentration of 
the other enzymes present was as follows: cytochrome-C3rtochrome 
oxidase, measured by the rate of oxidation of p-phenylenediamine, 
95 per cent; choline o.xidase, 57 per cent; d-amino acid oxidase, 
with proline as substrate, 42 per cent; amine o.xidase, with iso- 
amylamine as substrate, 11 per cent. These values were obtained 
with saturation concentrations of substrate and were constant 
from one preparation to another. 

Because cupric ion alone oxidizes p-phenylenediamine, its effect 
on the cytochrome oxidase could not be studied. For the other 
enzymes the following procedure was used. 0.5 cc. of the sus- 
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pension was added to the Warburg vessels with enough 0.05 m 
phosphate buffer, pH 7.8, to make the final volume to 2.0 cc. 
CuSOi was added directly to the mixture and followed either 
immediately or after a certain time of shaking at 37° by 2.0 mg. 
of the appropriate substrate. The results showed that shaking 
for 1 hour before the substrate was added always increased the 
inhibition of the succinoxidase but had no effect on the inhibition 
of the other enzymes (Table I). In other words, there are no 
groups in the other enzymes susceptible to catalytic oxidation by 
copper under conditions which are favorable to the catalytic 
oxidation of the sulfhydryl groups in the succinoxidase. As 
shown in Table II, these enzyunes can be inhibited by copper but 

Table I 

Effect of 1 X 10~* M C^iSOt When Added Immediately before Substrates 
and after Being Shaken with Enzymes in Air for 60 Minutes before 
Addition of Substrates (pH 7.8, Temperature S7°) 


The figures are given in percentage activity. The controls without 
copper are given the value of 100 per cent even when, as in the case of the 
rf-amino acid oxidase, there is a marked decrease in activity. 


Oxidaso 

Substrates added 
immediately 

Substrates added alter 
60 min. shaking in air 

Succinic 

■per cent 

02 

per cent 

51 

Choline 


96 

d-Amino acid 

54 

55 

Amine 

85 

83 



the inhibition is a function only of the copper concentration and 
not of time. This indicates that the copper is combining with 
some groups in the enzymes. From a comparison of the relative 
inhibitions produced by different concentrations of copper on the 
various enzymes with those produced by phenylhydrazme under 
the same conditions (see Table II) it is obvious that the concentra- 
tion of the enzymes present does not determine the relative sensi- 
tivities to the two substances. Thus the amine oxidase which is 
present in the lowest concentration is much less sensitive to copper 
than the other enzymes but much more sensitive to phenyl- 
hydrazine. 
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Control experiments to test the effect on the enzyme activities 
of shaking for 1 hour at 37° without copper revealed one interesting 

Table II 

Effect of Different Concentrations of CuSOt and Phenylhydrazinc on 
Percentage Activity of Certain Oxidases in Standard Rat Liver 
Preparation at pH 7.8 and 37° 


The substrates were added immediately after the addition of the copper 
and phenylhj’drazine. 



Concen- 

tration 

Oxidase 

Choline 

d-Amino 

acid 

Amine 

Succinic j 

Cyto- 

chrome 


uXIO-t 

pa-cenl 

percent 

per cent 

percent 

percent 

CuSOi 

0.5 

100 

100 

90 

100 



1.0 

100 

48 

85 

86 



1.5 

60 

0 

83 

50 



2.0 

47 

0 

79 

32 



2.5 

32 

0 

71 

4 


Phenylhydra- 

1.0 

55 

99 

46 

100 

100 

zine 

2.3 

25 

86 

24 

100 

90 


4.5 

11 

76 

0 

27 

80 


7.5 

0 

58 

0 

0 

60 


Table III 

Effect of Shaking for 60 Minutes at 37° and pH 7.8 in Different Oxygen 
Tensions on Percentage Activity of Enzymes 


The values when the substrates were added immediately are designated 
100 per cent. The value for the d-amino acid oxidase with substrate was 
obtained by the addition of more substrate after 60 minutes. 


Ozidfise 

20 per cent Oi 

2 per cent Oi 


percent 

percent 

d-Amino acid alone 

32 

72 

“ “ with substrate 

93 


Succinic 

92 


Choline 

89 


Amine...'. ... 

94 



fact (Table III) . Shaking in air under the experimental conditions 
had little effect on the activity of the succinic, choline, or a min e 
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oxidases but inhibited the d-amino oxidase by 50 to 70 per cent. 
This inhibition occurred in all the preparations of liver and kidney 
d-amino acid oxidase tried and could be markedly decreased if 
nitrogen with 2 per cent oxygen was substituted for air. The 
presence of substrate also prevented the inhibition. This indicates 
that the d-amino acid oxidase contains a group oxidizable by 
oxygen but the oxidation cannot be catalyzed by copper. 

The copper inhibition of the choline, amine, and d-amino acid 
oxidases, unlike that of the succinoxidase, is not readily reversible. 
It is not affected by the concentration of substrate nor by changing 
the pH from 7,8 to 6.7. 

The effect of phenylhydrazine on catalase was studied by 
Blaschko (3). Its eflfect on other oxidative enzymes does not 
seem to have been studied. Table II shows the relative inhibitions 
produced by various concentrations on five enzymes under the 
same conditions. The amine and choline oxidases are most 
sensitive. There is no effect on the succinoxidase until a certain 
concentration of phenylhydrazine is reached, after which the 
inhibition increases rapidly with concentration. The d-amino 
acid oxidase and the cytochrome oxidase are relatively insensitive. 
All the inhibitions are reversible by the addition of aldehyde to the 
mixture and the initial presence of aldehyde can prevent inhibition. 
Incubation with the enzyrme for various times before the addition 
of substrate does not change the percentage inhibition. 

DISCUSSION 

The purpose of the above experiments was to study the relative 
effects of the two substances on a group of enzymes under exactly 
the same conditions, thereby eliminating the effect of any inter- 
fering substances that may be present in the standard preparation 
used. A comparison of this type would not be valid if in an 
attempt to purify the enzymes different preparations were used, 
because the possibility of interfering substances cannot be elim- 
inated unless the enzymes can be recrystallized several times. 
Although no conclusions can be drawn as to the nature of the 
active groups in the various catalysts, it is probable, because of 
the low concentrations used, that both substances are causing 
chemical rather than physical changes in the proteins. 
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SUMMARY 

By the use of a standard rat liver preparation the relative effects 
of copper and phenylhydrazine on various oxidative enzymes were 
studied. 
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THE DETERMINATION OF NEUTRAL FAT GLYCEROL IN 
BLOOD WITH PERIODATE 

APPLICATION TO THE DETERMINATION OF ARTERIOVENOUS 
DIFFERENCES IN NEUTRAL FAT 

Bt LEROY VORIS, GORDON ELLIS, and L. A. MAYNARD 
(From the Laboratory of Animal Nvlrition, Cornell University, Ithaca") 

(Received for publication, January 25, 1940) 

Recent work (1) on the blood precursors of milk fat, by attach- 
ing special significance to the triglycerides of blood in the formation 
of milk, has illustrated forcefully the need of a more direct method 
for the quantitative evaluation of neutral fat in blood. Until 
Kelsey (2) reported the use of lipases, the isolation of the glyceride 
fatty acids had not been accomplished because of the homologous 
nature of the fatty acids in the acetone-soluble lipids of blood. 
The only alternative for the direct estimation of neutral fat is the 
determination of glycerol after saponification of the acetone- 
soluble lipids. A method suitable for this purpose is proposed 
herein. Its application to the determination of arteriovenous 
differences in neutral fat of the blood of the lactating cow is 
described. 

The method is based on the reaction of periodic acid and perio- 
dates on polyhydric alcohols or acids having adjacent hydroxyl 
groups. This reaction was discovered and its applications de- 
scribed by Malaprade (3). Glycerol reacts with periodate in 
acid solution according to the equation 

CH.OH— CHOH— CHiOH + 2KIO, = 2HCHO + HCOOH + 2KIOj + H.O 

The reaction is quantitatively accurate for small quantities of 
glycerol in water solution and occurs quite rapidly at ordinary 
temperatures under conditions that do not need to be rigorously 
defined. 

In principle the method involves the isolation of the neutral 
fat glycerol from the saponified acetone-soluble blood lipids and 
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treatment of the acidified water solution of glycerol with a meas- 
ured quantity of periodate reagent and determination of the ex- 
cess periodate in the reaction mixture after the reaction is com- 
plete. 


Determination of Glycerol with Periodate 

The periodate reagent used in the present work was prepared 
by dissolving 0.6250 gm. of reagent grade KIO4 in 500 cc. of 0.1 
N H2SO4. 10 cc. of this solution, which will oxidize a maximum 
of 2.5 mg. of glycerol, are quite adequate for the determination 
of glycerol in blood. Where it is desired to determine larger 
quantities of glycerol, the concentration of the KIO4 in the reagent 
may be increased to about 4 times that designated above. 

For the determination of glycerol 10 cc. of the periodate reagent 
were pipetted into the water solution of glycerol and 20 to 30 
minutes were allowed for the reaction to become complete. The 
excess KIO4 was then determined by the method of Rappaport, 
Reifer, and Weinmann (4) in which the iodine liberated from 
periodate in the presence of iodate can be titrated with standard 
thiosulfate by keeping the pH within the limits of 4.4 to 7. 
Within this pH range iodine is liberated quantitatively from 
periodate by KI solution according to the equation 

lOr + 21- -f H ,0 = lOr + b + 2OH- 

The reaction mixture was neutralized, after the addition of 3 
drops of 15 per cent MgS04 solution, by introducing dilute NaOH 
solution dropwise until a faint cloudiness due to Mg(OH)2 ap- 
peared, after which 0.1 n H2SO4 was added dropxvise until the 
turbidity disappeared. The reaction niixture was then treated 
with 10 cc. of phosphate buffer consisting of 12 gm. of Na2HP04- 
12H2O and 4.2 cc. of 10 n H2SO4 in 100 cc. of solution. 

2 cc. of 5 per cent KI solution were added and the liberated 
iodine was titrated xvith 0.00435 n thiosulfate solution, a potato 
starch solution being added as indicator near the end of the titra- 
tion. The difference between this titration value and that of a 
corresponding blank represents the thiosulfate equivalent of the 
glycerol oxidized by the KIO4. 1 cc. of 0.00435 N thiosulfate 
corresponds to 0.5 mg. of KIO4 or 0.1 mg. of glycerol. 

As alternative procedures for the determination of the excess 



Voris, Ellis, and Maynard 


493 


periodate, the neutralized reaction mixture can be treated with 
buffers appropriate for titration of the liberated iodine with stand- 
ard arsenite solution (5). Fleurj' and Lange (6) recommend 
addition of excess standard arsenite and back titration with 
standard iodine solution, saturated NaHCOj solution being used 
as the buffer. All of these procedures give essentially the same 
results. 

The validity of the reaction and the limits of sensitmty of the 
method were established in tests with a water solution of glycerol 
prepared to contain 0.1 mg. of glycerol per cc. Illustrative re- 
sults obtained by application of the procedure outlined above to 
quantities of glycerol from 0.1 to 2.0 mg. are presented in Table I. 


Table I 


Determination of Glycerol by Periodate Procedure in Prepared 
Water Solution 


Glyceiol taken 

ThiosaUate re- 
quiiod lor eiccaa 
lor 

Thiosulfate 
equivalent to 
IO<” used 

GIrcerol {ormd 

Glycerol recovered 

tTV. 

CC. 

ce. 

n?. 

percent 

0 

24.6 




2.00 

4.8 

19.8 


99.0 

1.50 

9.7 

14.8 


98.7 

1.00 

14.6 

10.0 

1.00 

100.0 

0.50 

19.6 

5.0 

0.50 

100.0 

0.20 

22.6 

2.0 

0.20 

100.0 

0.10 

23.7 

0.9 

0.09 

90.0 


Further verification of the periodate procedure for the deter- 
mination of glycerol was obtained with application of the method 
to triolein and trielaidin. Tj-pical results are shown in Table II. 
The periodate reagent did not react with the intact triglycerides 
but after saponification theoretical results could be obtained with 
or without removal of the fatty acids from the acidified mixture 
by extraction with petroleiun ether. 

Determination of Neutral Fat Glycerol in Bomne Blood 

Alcohol-Ether Extracts — The phospholipids were precipitated 
from 100 to 200 cc. of the alcohol-ether e.xtract of plasma (20 : 1) 
by the method of Ellis and Maynard (7) and the clear acetone 
solution, containing the neutral fat, was retained. A volume of 
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acetone equivalent to this solution was carried through the subse- 
quent procedure as a blank. 

The acetone was evaporated and the residue was treated with 
10 cc. of redistilled 95 per cent ethanol and 1 cc. of 5 N NaOH. 
Saponification was effected by heating on the steam bath until 
the volume was reduced to about one-half. About 10 cc. of 
water were then added and evaporation was continued until tho 
odor of ethanol could no longer be detected. 1 cc. of 10 n H 2 SO 1 
was added to liberate the fatty acids, most of which, along with 

Table II 


Determination of Glycerol by Periodate Procedure in Triolein and Trielaidin 


Snmplonnd tr-ntmont 

Trifilyo- 

crido 

taken 

Glyc- 

erol 

deter- 

mined 

TriRlyceride 

found 



mg. 

mg. 

mg.* 

per cent 

Triolein 

Saponified, extracted 

4.4 

fsa 

4.4 



t( it 

5.6 


5.7 



tt tt 

6.4 

0.68 

6.5 

la 


It tt 

7.8 

0.78 

7.5 

96 


“ unextracted 

7.8 

0.84 

8.1 

61 


tt tt 

12.8 

1.42 

13.6 

la 


Unsaponified, “ 

7.8 





tt tt 

12.8 

EES 



Trielaidin 

Saponified, extracted 

1.5 

0.16 

1.5 



<( tt 

2.5 

0.26 

2.5 



tt tt 



9.9 



“ unextracted 


|ffi| 




Unsaponified, “ 






* Glycerol X 9.62. 


some cholesterol present, were removed by one extraction with 
petroleum ether. 

The water solution was then cooled in the refrigerator for 
about an hour and filtered through asbestos in a Gooch crucible. 
The cooling facilitates filtration, which was most readily ac- 
complished by suction, a test-tube within the suction flask being 
used as a receiver. The residue was washed several times with 
water. 

The combined filtrate and washings were treated with 10 cc. 
of the periodate reagent for the determination of glycerol as 









Voris, Ellis, and Maynard 


495 


described above. Typical results obtained with alcobol-ether 
extracts of bo-vdne plasma, to some samples of which triolein had 
been added, are presented in Table III. 

Acetone Extracts — 5 to 15 cc. of bo\dne blood plasma were pi- 
petted into a 50 cc. centrifuge tube containing 30 cc. of acetone. 
10 gm. of anhydrous sodium sulfate were added and stirred up 
with the precipitate. After standing several hours (overnight, 
if convenient) the contents of the tube were stirred again and 
centrifuged. The clear acetone extract was decanted and the 
precipitate was stirred up with another portion of acetone and 

TABtn III 


Neutral Fat Glycerol Determined in Alcohol-Ether Extracts of Cow Blood 

Plasma 


Sample No. 

Volume of extract 

Glycerol added 
as triolein 

Glycerol 

determined 

Glycerol per 

100 cc. plaama 


cc. 

ms. 

mg. 

mg. 

1 

200 


0.84 

8.4 


100 

0.94 

1.31 

7.4 

2 

200 


0.42 

4.2 


100 


0.22 

4.4 


100 

0.57 

0.75 

3.6 

3 

250 


0.34 

2.7 


200 

0.57 

0.81 

2.4 


100 

1.15 

1.31 

3.2 

4 

200 


0.28 

2.8 


200 

1.07 

1.42 

3.5 


100 


0.12 

2.4 


recentrifuged. This procedme was repeated imtil the acetone 
was colorless in the final washing. Usually four to five wash- 
ings were required. The washings were added to the original 
acetone extract. A similar volume of acetone, serving as a 
blank, was subjected to the subsequent treatment along with the 
extract. 

The acetone was evaporated, boiling tubes being used to pre- 
vent bumping, and the residue was extracted several times with 
petrolemn ether. The petroleum ether was evaporated and the 
residue was saponified and treated as that obtained from the 
alcohol-ether extracts after precipitation of the phospholipids. 
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Results of the determination of glycerol in the acetone extracts 
of jugular vein blood plasma (from a lactating Guernsey cow) 
are shown in Table IV. Triolein was added to some of the 
plasma samples before the acetone extraction. A factor of 10, 
based on a mean molecular weight of 294 for the glyceride fatty 
acids, was used to convert the value for glycerol to that for neutral 
fat. The glycerol found averaged 9.0 mg. per 100 cc. of plasma, 
corresponding to 90 mg. of neutral fat. Glycerol determined 
similarly in jugular vein blood plasma of a Holstein cow corre- 
sponded to 52 mg. of neutral fat per 100 cc. 


Table IV 

Neutral Fat Glycerol in Acetone Extracts of Cow Blood Plasma 


Volume of pinama 
used 

Glycerol added as 
triolein 

Glycerol determined 


Total 

Per 100 cc. plasma 

plasma 

cc. 

mg. 

mg, 1 

mg. 

mg. 

16 


1.40 

9.3 

93 

15 


1.97 

9.3 

93 

15 


2.03 

9.1 

91 

10 


0.89 

8.9 

89 

10 

0.46 

1.37 

9.1 

91 

10 

0.91 

1.73 

8.2 

82 


Arteriovenous Differences in Neutral Fat Glycerol 

Blood from the subcutaneous abdominal vein and internal 
iliac artery was collected four times from a lactating Ayrshire 
cow. The cow was of somewhat nervous temperament and had 
to be hobbled for the collection of the venous blood. Arterial 
blood was obtained by the rectal approach as described by 
Graham, Kay, and McIntosh (8). The mammary vein was 
tapped and arterial blood was taken while the venous blood was 
being drawn or shortly thereafter. The sampling times, covering 
the entire period in which both blood samples were obtained, 
were 7, 12, 6, and 2 minutes, respectively. 

The results of the glycerol determinations and neutral fat 
estimations in these samples are presented in Table V. In three 
of the samples a noticeable drop in glycerol content between the 
arterial and venous samples was found. In the last sampling 
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the glycerol content of the arterial and Tenons sample -was about 
the same. 

To the extent of their reliability, these results indicate the 
removal of neutral fat by the mammary gland. The conclusive- 
ness of this interpretation is limited, however, in that the one cow 
employed was not a particularly willing subject and the samples 
were not obtained under the best conditions. On the other hand, 
according to Graham et al. (8), any disturbance tending to upset 
the animal during the collection of blood causes the composition 
of the arterial and venous bloods, representing the metabolism 
of the mammary gland, to become more nearly alike. . 

Glycerol was determined in the alcohol-ether extracts of four 
samplings of arteriovenous blood employed by Maynard et al. (1) 


Table V 

Neutral Fat Glycerol and Estimated Neutral Fat in Simultaneous Samplings 
of Arterial and Venous Blood Plasma from Laclating Ayrshire Cow 


Dat« of 
e&tnplisg 

Internal iliac artery 

Mammary Tein 

Arteriovenoia 
diEexence in 
neutral fat 

Glycerol 

Neutral fat 

Glycerol 

Neutral fat 

/ulv, ISSS 

tnff. per tOO cc. 

fnff. per 100 cc. 

mg. per lOOee. 

per iOO ct. 

jnff. per 100 cc. 

10 

4.1 

41 

2.7 

zr 

14 

12 

6.1 

61 

4.2 

42 

19 

14 

6.1 

61 

3.5 

35 

26 

17 

4.5 

45 

4.4 

44 

1 


in their studies of the blood precursors of milk fat. One of these 
from a dry cow showed an arteriovenous difference of 3 mg. of 
neutral fat, whereas three samplings from lactating cows showed 
arteriovenous differences of 19, 16, and 12 mg. of neutral fat per 
100 cc. of plasma based on their glycerol contents. 

DISCJOSSION 

In the determination of neutral fat glycerol in blood, by the 
procedures outlined above, anomalous values appear, at times in 
the blanks and, presumably, likewise in the unknowns. The 
blank determinations are readily reproducible when the opera- 
tions are simple, as with the pure triglycerides, but special pre- 
cautions are necessary to prevent accumulation of impurities 
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from materials used during the isolation of the neutral fat glycerol 
from blood. There is no assurance that the errors in the blanks 
and in the reagents used for the extractions will be compensatory. 
Consequently, it is necessary to use purified acetone, ethanol, and 
petroleum ether in the isolation of the neutral fat glycerol and 
asbestos instead of filter paper for the final filtration. These 
precautions make the blank determinations more reproducible 
and more nearly approach the theoretical values. The varia- 
tions in the blanks are usually small but in dealing with quantities 
of glycerol in the range of 0.1 to 0.3 mg. any slight errors in the 
blanks are magnified considerably in relation to the glycerol 
being determined. 


SUMMARY 

A method for the determination of 0.1 to 2.5 mg. of glycerol 
with periodate has been described. The method has been applied 
to the determination of neutral fat glycerol in bovine blood and 
its usefulness in the determination of arteriovenous differences in 
neutral fat has been pointed out. Evidence indicating the re- 
moval of neutral fat from blood by the mammary gland has been 
presented. 
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STUDIES IN BLOOD PRESERVATION* 

SOME EFFECTS OF CARBON DIOXIDE 
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DREW,t AOT JOHN SCUDDER 

{From the Surgical Palholagy Lahoralory, College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, February 5, 1940) 

Various changes in shed blood have been reported; only a few 
will be cited. When blood is exposed to ordinary atmosphere, 
carbon dio-xide is liberated (7) with a resultant increase in pH (6). 
Another change is in the formation of ammonia. According to 
Conway (3), ammonia is present only in very small concentra- 
tions, if at all, in circulating blood. In shed blood, however, the 
ammonia concentration rapidly increases, attaining within a few 
minutes values given as “normal” by most investigators; there- 
after, its formation is at a slower rate. 

Conway (3) and Conway and Cooke (4) have shown that when 
blood is shed into an atmosphere of carbon dio.xide the concentra- 
tion of ammonia remains at a low value for some hours. 

The purpose of the present investigation is to examine the effect 
of carbon dioxide in relation to changes in concentrations of am- 
monia, potassium, and sodium in the plasma of sterile citrated 
blood occurring over a period of days. 

Methods 

In each of eight experiments, blood was obtained from a different 
individual in the usual manner; one-half of the sample was drawn 
into an atmosphere of carbon dioxide, while the control was col- 
lected in air. On the samples so taken, from fotir to sLx deter- 

* This study was made possible by a grant from the Blood Transfusion 
Betterment Association, New York. 

t Fellow in Surgery, Rockefeller Foundation. 
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minations of the ammonia content were made at intervals during 
a 2 week period. 

The data of one of these experiments are shown graphically in 
Fig. 1. In this experiment, ten 50 ml, centrifuge tubes with a 
diameter of 2.5 cm. were used as containers. Carbon dioxide 
from a cylinder, filtered through sterile cotton, was introduced 
into the bottom of five centrifuge tubes so as to displace the air. 
To each were added 2.5 ml. of 3.5 per cent sodium citrate and 22,5 
ml. of blood. For the carbon dioxide experiments, the blood was 



Fig. 1. Concentrations of ammonia nitrogen, potassium, and sodium 
in plasma of preserved blood, after collection in air (control) and in carbon 
dioxide. In control, pH 7.76 to 7.69; in CO 2 7.48 to 7.17. 


admitted directly to the bottom of the centrifuge tubes; in the 
controls, the blood was allowed to flow in at the top. Both sets 
were closed with sterile rubber stoppers, sealed with paraffin, and 
placed in a refrigerator at 4°. At intervals during a 2 week period, 
a carbon dioxide tube and its control were removed from the 
refrigerator and centrifuged. The supernatant plasma was then 
drawn off for analyses. 

The ammonia was determined by the method of Conway (. 6 ), 
the potassium by a modification (9) of the argenticobaltimtnte 
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method of Breh and Gaehler (1), and the sodium by the method 
of Butler and Tuthili (2). Determinations of pH were made on 
six of the ten samples, with the glass electrode of Macinnes and 
Longsworth (5). Measurements of ammonia, sodium, pH, and 
the development of color in the potassium determinations were 
made in a constant temperature room, 20.5° =b 1°. 

Results 

In each instance the concentration of ammonia in the blood 
taken in carbon dioxide is less than in the similarly treated control. 
In both, the concentration of ammonia gradually increases 
throughout the 2 week period; but at any time, it is consistently 
less in blood collected in carbon dioxide. Similar conditions are 
found for potassium and sodium ; namely, changes in the concen- 
trations occur during storage, but these are definitely less when 
the blood is taken in carbon dioxide. 

The curves of Fig. 1 are typical in form for the changes observed. 
At the end of the experiment 27 per cent of intracellular potassium 
had diffused out in the sample collected in air in contrast to only 
16 per cent in the sample collected in carbon dioxide. In a com- 
parison of potassium values, the interfacial area between plasma 
and cells should be stated (8). 

It is evident that the taking of blood directly into an atmosphere 
of carbon dioxide is effective in retarding changes in the concentra- 
tions of plasma ammonia, sodium, and potassium which occur 
during storage. Such procedure might lengthen the period during 
which preserved blood could be used for transfusions. 
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BLOOD SUGAR LEVELS IN RATS RECEIVING THE CATA- 
RACTOGENIC SUGARS GALACTOSE AND XYLOSE* 
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Numerous investigators (1-5) have confirmed the observation 
of Mitchell and Dodge (6) and of Mitchell (7) that rats develop 
cataract when given a diet containing a high percentage of lactose 
or galactose. Certain other carbohydrates, viz. starch, dextrin, 
maltose, sucrose, fructose, and glucose, do not alter the transpar- 
ency of the rat lens even when fed as 60 to 70 per cent of the diet 
(6, 2, 8). The mechanism of this injurious action of galactose 
has not been satisfactorily explained. The experiments here 
reported were undertaken to determine whether any of the unin- 
vestigated monosaccharides might share this injurious action 
with galactose. If so, it should be possible to investigate certain 
biological properties of these sugars, and, by correlating the 
results with similar studies on galactose, to arrive at a plausible 
explanation of the mechanism of this injurious action on rat 
lenses. 


EXPERIMENTAL 

Young rats of both sexes from 20 to 22 days of age and ranging 
in weight from 30 to 60 gm. were employed. One litter of rats 
28 days old and weighing 55 to 67 gm. was used. In all, thirteen 
litters were employed. Three separate strains were investigated, 
albinos from Wistar stock, a strain of hooded animals, and a 
strain of black hybrids. 

The rats were kept in indmdual wire cages with raised screen 

* Research paper No. 522, Journal Series, University of Arkansas. 
The authors are indebted to Dr. K. W. Cosgrove for making the slit-lamp 
examinations and to Miss Virginia Mims for technical assistance. 
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bottoms. Clean distilled water was accessible at all times. One 
modification of the following basal formula was given to each 
rat ad libitum: casein, commercial edible, 18 per cent; salt mix- 
ture, Hubbell, Mendel, and Wakeman (9), 3; cod liver oiV 2; 
butter fat, 6; yeast, dried,® 10; corn-starch, 26; monosacchar- 
ide, 35. 

One of the following monosaccharides was incorporated in 
each diet: arabinose, xylose, glucose, galactose, mannose, or fruc- 
tose. The experiments were controlled so that litter mates re- 
ceived different sugars. The sugars were purchased from the 
Pfanstiehl Chemical Company. Both technical and c.p. grades 
of xylose were used. The c.p. grade gave the following analysis: 
Wd® = +19.7°; per cent moisture, 0.04; per cent ash, 0.00; reduc- 
ing ratio, xylose to glucose, 1.01:1. The technical xylose gave 
the following: [a]^® = +22.9°; per cent moisture, 1.02; per cent 
ash, 0.019; reducing ratio, xylose to glucose, 0.97:1. Only c.p. 
arabinose was used. It gave the following analysis: [ajn® = 
— 105.3°; per cent moisture and ash, 0.00; reducing ratio, arabinose 
to glucose, 0.93:1. c.p. grades of galactose and mannose were 
employed. The galactose exhibited an [a]^® = +79.5° and a 
reducing ratio, galactose to glucose, of 0.86:1. 

Ophthalmoscopic examinations of the eyes of the rats were 
made daily during the early part of the experimental period and 
at 3 day intervals thereafter. Before examination the iris was 
dilated by instillation of a drop of 0.5 per cent atropine sulfate 
solution into each eye. Occasional observations were made with 
a slit-lamp. In an attempt to determine whether blood sugar 
levels could be correlated with the incidence and time of appear- 
ance of cataract, blood sugar determinations were made at inter- 
vals on 56 of the animals. These determinations were made while 
the animals had free access to their food. In addition, tolerance 
curves were run on certain of the animals. 

Freely flowing tail blood was used in all determinations. The 
tail was thoroughly washed with warm water and dried with a 
clean towel before the sample was taken. Difficulty was experi- 
enced in repeatedly obtaining 0.1 cc. of blood from the smaller 
rats, especially during sugar tolerance tests. To overcome this 
difficulty the Folin-Malmros method for blood sugar (10) was 

> Supplied by the E. L. Patch Company, Boston. 

* Supplied by The Fleischmann Laboratories, New York. 
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modified slightly to allow use of smaller quantities of blood. The 
modified technique is as follows: 

The usual reagents were employed. Special diluting pipettes 
calibrated at both 0.025 cc. and 2.5 cc. were made. Blood was 
drawn to the 0.025 cc. mark, diluted to the 2.5 cc. mark vidth the 
dilute tungstic acid mixture, mixed, and then expelled into a 
clean, diy 15 cc. conical bottom centrifuge tube. After centri- 
fugation, the supernatant liquid was drained into a similar tube 
and 2 cc. of this filtrate were then measured into a test-tube 
graduated at 12.5 cc. (Lewis-Benedict tube (11)). 2 cc. of the 
diluted standard were then placed in a similar tube. To each 
were added 1 cc. of the 0.4 per cent ferricyanide solution and 0.5 
cc. of the carbonate-cyanide solution. Heating and cooling 
were carried out as in the original method. 2.5 cc. of the colloidal 
ferric iron solution were added to each tube. Finally, the con- 
tents of each tube were diluted to the 12.5 cc. mark and mixed, 
and the comparison made in a colorimeter. The usual yellow 
glass filter was employed. Using this technique, we have been 
successful in carrying out repeated blood sugar determinations on 
3 and 4 week-old rats at interr'als as frequent as 15 minutes. 

Results 

The blood sugar levels, expressed as mg, of glucose per 100 cc. 
of blood, and the incidence and time of appearance of cataract in 
rats receiving the various diets are given in Tables I and II. 

None of the animals receiving diets containing 35 per cent of 
either glucose, mannose, fructose, or arabinose developed cata- 
racts. In contrast, twenty-nineof the thirty rats placed on a simi- 
lar diet containing xylose showed definite lenticular opacities. 
As indicated in Table II, the xylose group showed ophthal- 
moscopic cataract approximately a day earlier than the litter 
mate controls receiving galactose. Furthermore, the average 
time required for the development of mature cataracts in the 
xylose group was 18.7 days as contrasted with 21.4 days for the 
galactose group. The incidence of mature cataracts, however, 
was only about one-half as great in the .xjdose group as in the 
galactose group. As seen -with the ophthalmoscope the appear- 
ance of the cataracts which developed on the two diets was 
identical. The earliest lens changes appeared at the peripherj* 
of the lens, and could be seen onl 3 ' upon complete dilatation of the 
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pupil. Such early changes are easily mistaken for the edge of 
the iris by one unaccustomed to examining the eye of the rat. 
Fig. 1 shows the eyes of typical experimental animals. 


Table I 

Blood Sugar Levels of Rats on Diets Containing Different Sugars j4s 

35 Per Cent of Diet 


Sugar 

No. of rats 

1 

No. of 

dctcminntiotis 

Jlean blood sugar 
os glucose, with 
probable error 

d-Galactose 

i 

8 

26 

mg. per WO cc. 

262 rb 9.4 
178 rfc 2.3 
132 db 1.9 
130 ± 2.5 
123 ±1.3 

e?-Xylose 

21 

77 

d-Glucose 

13 

34 

d-Fructose 

4 

14 

d-Mannose 

4 

17 

d-.\rabinose 

1 6 

21 

144 ± 1.9 




Table II 

Incidence of Cataract in Rats Receiving Various Sugars As 35 Per Cent 

of Their Diet 


Sugar i 

No, of rats | 

1 

No. showing 
cataract 

i 

Average time of 
appearance of 
cataract ophthal- 
moscopically 

d-Galactose 

11 

11 

days 

1 5.8 

d-Xylose 

30 

29 

1 4.6 

d-Glucose 

18 

0 


d-Fructose 

4 

0 

1 

d-Mannose 

4 

0 


d-Arabinose 

9 i 

0 




Fig. 1. Enlarged photographs of eyes of tj^pical experimental animals. 
A, normal eye of rat that received glucose; B, cataract resulting from 
xylose feeding. 

All of the animals receiving xylose developed a frothy diarrhea 
within a few hours after being placed on the diet. Some abdom- 
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inal distention was obsen^ed. During the 1st week they usually 
failed to gain in weight. After a variable period of 1 to 3 weeks, 
however, the distention and diarrhea disappeared and the ani- 
mals gained at a slightly subnormal rate. None of this group 
died from the effects of the dietary regimen. The mannose 
group also developed a mil d transitory diarrhea. The average 
period of observ'ation of this group was 21.3 days, with a maxi- 
mum of 24 days. A much more severe distention and diarrhea 
were observed in the animals given arabinose. None of these 
survived longer than 18 days, the average survival period for nine 
rats being 10.6 daj^. 

DI6COSSION 

These results confirm and extend our preliminary experiments 
(12) on the cataractogenic action of xylose. From these data it 
is obvious that the statement of Mitchell and Cook (13) that 
"galactose is unique as an etiologic factor in the production of 
experimental cataract in rats . . ." requires some modification. 
Furthermore, their observation (8), based on a limited number of 
animals, that "ophthalmoscopic observations on the xylose 
group revealed some early and rather transitory lens changes 
which never progressed beyond this stage” seems to indicate that 
they had observed early cataractous changes in those animals. 
It is possible that they were dealing with a group of rats particu- 
larly resistant to xylose cataract. We observed that rats from 
the black hybrid strain were more resistant than the others to 
xylose cataract; none of the four rats of this strain developed 
mature cataract and one showed such slight lenticular changes 
that we have not classed them as cataractous. Another animal 
of this strain showed an apparent regression of early cataractous 
changes. 

Table I shows that significantly higher blood sugar levels were 
found in those rats receiving the cataractogenic sugars, xylose and 
galactose. The average for the galactose group is lower than 
that for a similar series previously reported from this laboratory 
(2) for rats given a diet containing 60 per cent galactose but no 
corn-starch. Cori and Cori (14) demonstrated that the blood 
sugar level in rats is definitely lower following the administra- 
tion of a mixture of galactose and glucose than it is after adminis- 
tration of galactose alone. Since the diet used in the present 
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experiments contained 26 per cent corn-starch, which gives rise 
to glucose on digestion, it seems reasonable to assume that the 
difference we observed is partly due to the same effect as reported 
by Cori and Cori. 

The average blood sugar level of 77 determinations on twenty- 
one rats given xylose is considerably above that of eight deter- 
minations on two rats reported by Mitchell and coworkers (8). 
Donhoffer’s observation (15) that different strains of rats show 
varying rates of absorption of certain sugars may have some 
bearing on this discrepancy between our results and the results 
of Mitchell and coworkers. From the work of Miller and Lewis 
(16) and of Blatherwick et al. (17) it seems reasonable to assume 
that at least a part of the increase in the blood sugar level in the 
rats given the xylose diet was due to the presence of xylose in the 
blood. Of the monosaccharides which did not produce lenticular 
opacities when administered to the extent of 36 per cent of the 
diet, arabinose was the only one which raised the blood sugar 
level appreciably, and this not nearly so much as did xylose. 

Thus, the ability of the monosaccharides to raise the blood 
sugar level of the rat seems to accompany the cataractogenic 
property of the sugars investigated. However, there appears to 
be no direct relationship between the time required for the de- 
velopment of cataract in rats and the hyperglycemic effect of 
the sugars tested. Hence, it would appear that the hyperglycemic 
effect of a given monosaccharide may not be the only factor de- 
termining whether that particular sugar is cataractogenic for 
rats. In this regard, it is interesting to note that both xylose 
and galactose may be considered, according to Rosanoff’s classifi- 
cation of monosaccharides (18), as derived from d-threose. Simi- 
larly, all of the sugars which proved to be non-in juidous to the 
lens under the conditions employed in these experiments are deriv- 
atives of d-erythrose. An investigation of other biological prop- 
erties of these sugars and of other monosaccharides and their 
derivatives, and a correlation of properties with chemical configu- 
ration, may assist in the solution of this problem. 

SUMMARY 

A modification of the Folin-Malmros blood sugar method is 
described which permits determination of blood sugar on 0,025 
cc, samples of blood. 
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Data are presented which show that when glucose, fructose, 
mannose, or arabinose constituted 35 per cent of the diet given 
young rats the animals did not develop cataract^. Similar diets 
containing xjdose or galactose were cataractogenic. Animals 
receiving the latter carbohydrates showed elevated blood sugar 
levels, but the degree of hj^Derglycemia bore no simple relationship 
to the rapidity of cataract formation. 

It is concluded that galactose is not unique in its cataractogenic 
activity, but that this property is shared by at least one other 
monosaccharide, xylose. The configurational relationships of 
the sugars investigated are pointed out. 
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OSMOTIC PRESSURE, MOLECULAR WEIGHT, AND 
DISSOCIATION OF LIMULUS HEMOCYANIN 

Bt NORVAL F. BURK* 

{From the Department of Physical Chemistry, Harvard Medical School, 

Boston) 

(Received for publication, November 16, 1939) 

Limulus hemocyanin, the copper-containing, respiratory blood 
protein of the horseshoe crab, has been found to comprise four 
components in aqueous isoelectric solution (17, 31, 33). The 
molecular -weight of the largest of these is 2,0-10,000 (34) or greater 
(31), but that of the smallest is known less preciseljn Thus 
Cohn (11) from ultrafiltration experiments in 1925 found in 
solutions of Limulus hemocyanin a protein of molecular weight 
intermediate between that of hemoglobin and pseudoglobulin, 
which, by recent estimation, have weights of 68,000 (1, 32) and 
178,000 (8) ; and Redfield, Coolidge, and Shotts (27) from a con- 
sideration of the copper content of the protein and other data 
estimated the probable molecular -weight to be 73,000. 

Burk and Greenberg (10, 18) and others (30, 35, 36) have shown 
that urea dissociated many proteins. A more exact evaluation 
of the size of the smaller protein component may therefore be 
possible through molecular -weight estimation in imea solution. 
Thus certain proteins which are split by urea (horse hemoglobin, 
myogen, amandin, and excelsin) have been found to dissociate 
into units of molecular weight in the neighborhood of 35,000. 

The close relationships recently established between the hemo- 
cyanins and the oxidases (tyrosinase (16) and polyphenol oxidase 
(22, 24)) make the dissociation of copper-containing proteins 
one of significance for enzyme reactions. Thus crude polyphenol 
oxidase extract loses its acthdty in concentrated urea solution, 
whereas pepsin, an enzymic protein which is not dissociated by 
urea, retains full actmty (30). 

* National Research Council Fellow in Biochemistry, 1929-31, during 
which time most of the experiments reported in this paper were carried out. 
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512 Limulus Hemocyanin 

The role in dissociation of the copper of Limulus hemocyanin, 
which apparently is linked directly to amino acids (14, 15), is 
also considered in the present report of molecular weight estima- 
tions from osmotic pressure measurements upon Limulus hemo- 
cyanin in aqueous and aqueous urea solutions. 


EXPERIMENTAL 

The oxyhemocyanin used in the osmotic experiments was ob- 
tained from the serum* of Limulus polyphemus and purified by 
precipitation and dialysis according to the method of Redfield, 
Coolidge, and Shotts (27). The osmotic pressure measurements 
were carried out at 0° by the method used in previous work (9, 6, 
10, 18). The hemocyanin was allowed to remain in the urea 
solutions at least 10 days before the measurements were com- 
pleted. 

Molecular Weight in Urea Solution — Measurements of osmotic 
pressure with respect to increasing concentration of hemocyanin 
were carried out in 6.66 m urea at a reaction near the isoelectric 
point. The isoelectric point of the protein in 6.66 m urea con- 
taining 0.05 M buffer, determined osmotically, was found to be at 
about pH 6.2 (Fig. 1).^ The results are given in Table I, where it 
will be seen that the osmotic pressure is not proportional to the 
concentration but increases more rapidly. The solutions were 
therefore not ideal. P/C plotted against C gave points through 
w'hich a straight line may be drawn (Fig. 2) and hence, as pre- 
viously shown (6), the data maybe corrected for deviations from 
the ideal solution law by means of a corrected concentration, de- 
termined by the equation, 


Co 


PC 

100 - BC^ 


( 1 ) 


1 1 am indebted to Professor A. C. Redfield for a supply of Limulus 
serum. This was preserved with half saturated ammonium sulfate. 

® Osmotic measurements in a different series at pH 6.1 and 6.3 showed 
that the P/C values at these two hydrogen ion concentrations were the same 
within experimental error. These measurements do not appear in the 
series in Fig. 1 because of difference in C. The shape of the curve, however, 
was determined in part from these data. 
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where Co — corrected concentration of the protein and B = a 
constant, equal to the slope of the line obtained by plotting P/C 
against C. 



Fig. 1. The stepwise dissociation of Limulus hemocyanin. The in- 
fluence of the hydrogen ion activity on the osmotic pressure. The dotted 
lines represent the minimum osmotic pressure, corresponding to that of 
the protein without the presence of a Donnan membrane equilibrium. 
Lower curve, hemoc 3 'anin in 0.03 m phosphate buffer; protein concentra- 
tion, 7.62 to 7.84 gm. per 100 cc. of solvent. Middle curve, hemocyanin in 
6.66 M urea, 0.05 m with respect to acetate or phosphate buffer; protein con- 
centration, 1.70 to 1.71 gm. per 100 cc. Upper curve, acid-treated hemo- 
cyanin in 6.66 M urea, 0.05 m with respect to acetate or phosphate buffer; 
protein concentration, 1.02 to 1.20 gm. per 100 cc. 

The mean molecular weight of Idmulus hemocyanin in urea 
solution would appear to be close to 142,000 (Table I), as cal- 
culated from the van’t Hoff-Morse equation, 

M^RTj 


( 2 ) 
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where M = molecular weight in gm. of dry protein, Co = concen- 
tiation in gm. per 100 cc. of solvent, P = osmotic pressure in cm. 
of HjO of density 1, and RT - gas constant X absolute tempera- 
ture = 2.315 X 10® (100 cc. X cm. of H 2 O per gm. molecule) at 



Fig. 2. Relation between the osmotic pressure per unit of concentration 
and the concentration of Liimdiis hemocyanin. Solvent, 6.66 m urea, 0.05 
M phosphate buffer; pH about 6.2. The concentration is expressed in gm. 
per 100 cc. of solvent and the osmotic pressure in cm. of water. 

0°. This value falls within the limits of molecular weight to he 
expected from the early ultrafiltration experiments (11).® 

® A rough estimate of the molecular weight of the smallest Limulus 
hemocyanin component observed in the ultracentrifuge may be made from 
its reported sedimentation constant, sjo = 5.9 X (31), and an assumed 
dissymmetry constant. The dissymmetry constants, f/fo, of five other dis- 
sociation components from different hemocyanins have been determined by 
Svedberg (see (31) Table I), and these range from 1.4 to 1.9. If the mean 
value 1.6 is assumed for the Limulus hemocyanin dissociation component, 
its molecular weight is 150,000 as calculated from the equation M = 5230 
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Molecular Weight in Aqueous Salt Solution — Two measurements 
upon hemocyanin in aqueous salt solution at the isoelectric point, 
pH 6.2 to 6.4 (28), were carried out, one in 0.2 m and the other in 

Table I 

Molecular Weight of Limulus Hemocyanin from Osmotic Pressure 
Measurements in Urea Solution 


Solvent, 6.66 m urea, 0.05 m in phosphate buffer; pH about 6.2; tempera- 
ture, 0°. 



C, concen- 
tration per 
100 cc, 

I solvent 

F, osmotic 
pressure 

I 

1 p,* osmotic 
coefficient 

L 

Co.t 

corrected 

1 concentra- 
1 tion 

P 

Co 

1 

M, mol. "Tfi. 


1 ffrn. 

cm. HiO 


i 


pm. 

1 

0.98 

1.75 


1.06 

1.65 

140,000 

3 

1.70 

3.20 


1.95 

1.64 

141,000 

4 

1.75 

3.26 


2.01 

1.62 

143,000 

5 

2.26 

4.52 

1.19 

2.68 

1.68 

138,000 

6 

2.30 

4.38 

1.20 

2.77 

1.58 

147,000 

7 

3.58 

7.67 

1.30 

4.67 

1.64 

141,000 


142,000 



* Calculated from the equation, g = CofC. 

t Calculated from the equation, Co = PC/PC — BC^, where, from Fig. 2, 
B = 0.142. 


Table II 


Molecular Weight of Limulus Hemocyanin from Osmotic Pressure 
Measurements in Aqueous Salt Solution 
Solvent, phosphate buffer solution; temperature, 0°. 


Experi- 
ment No. 

pH 

Concentra- 

tion 

of buffer 

P, osmotic 
pressure 

C» protein 
concentra- 
tion per 100 
cc. eolvent 

P 

c 

1 

1 il, mob vit. 
(uncorrected) 



molt -ptr 1, 

cm.5jO 

pm. ' 


pm. 

512 

6.2 

0.2 

3.07 

7.65 

0.40 

579,000 

509 1 

6.2 

0.5 

3.53 

8.34 

0.42 


Mean 

nfisi fWl 




0.5 M phosphate buffer. The results, given in Table II, show that 
the variation of P/C with salt concentration is small. The aver- 
age of the measurements yields a value of 565,000 for the mean 
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molecular weight of the hemocyanin from the horseshoe crab. 
Comparison of this value with that obtained for urea solutions 
confirms the ultracentrifugal observations (31) that Ldmiilus 
hemocyanin dissociates.'* 

Molecular Weight of Acid-Treated Hemocyanin in Urea Solution 
— It is well known that the copper in hemocyanin becomes de- 
tached in moderately acid solution (2-5, 20, 23, 26). A few ex- 
periments were carried out upon acid-treated hemocyanin in order 
to determine whether copper removal affects the molecular weight. 
Acid-treated hemocyanin was prepared as follows: Thrice pre- 
cipitated hemocyanin was dissolved in 100 cc. of 5 per cent 
ammonium sulfate and poured into 10 liters of distilled water. 
1 M HCl was added slowly until the pH of the solution was slightly 
below 3, and then the solution was neutralized after a few minutes. 
The precipitated protein was washed repeatedly (by decantation) 
with 0.1 N KCl and subsequently with distilled water. 

The results of osmotic measurements upon this protein mate- 
rial in 6.66 M urea at various pH values are shown plotted in Fig. 
1. The osmotic pressure at the minimum in the curve in Fig. 1 
is 3.6 cm. of water per unit of protein concentration, or ap- 
proximately twice as great as that of hemocyanin not treated by 
acid and similarly measured. The molecular weight of acid- 
treated denatured Ldmulus hemocyanin, calculated from this 
pressure, assuming its deviation from the ideal solution law to be 
the same as for normal liRmocyanin in urea (osmotic coefficient, 

* In addition to dissociating Linmhis hemocyanin, urea also decolorizes 
the protein and renders it insoluble in isoelectric salt solution. Experi- 
ments upon Cancer hemocyanin showed that — SH groups were liberated 
in the copper-free protein (24) in the presence of urea, but were not detect- 
able in urea solutions of normal Cancer hemocyanin. Thus when Cancer 
hemocyanin (or crude polyphenol oxidase extract— potato peel juice) was 
added to urea solutions of edestin, the — SH groups present (7, 19) were de- 
stroyed (negative nitroprusside test). When guaiacum (21) was added to 
urea solutions of hemocyanin (or of crude polyphenol oxidase), it was con- 
verted into guaiacum blue. Since the guaiacum reaction is a well known 
oxidation reaction, and since hemocyanin in the presence of urea behaves 
like an oxidase (or a methemocyanin (c/. (13)), it appears that normal 
hemocyanin oxidizes its own — SH groups in urea solution. This effect of 
urea in conferring oxidative properties upon hemocyanin was not observed 
in the case of any non-metallic protein. 
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1.08 atC = 1.02), is 69,000, a value of the order of one-half* that 
for urea-treated Idmulus hemocyanin.* 

Molecular Weight from Chemical Analysis — An estimation of 
the minimal molecular "weight of Idmulus hemocyanin has been 
made by applying the usual procedure (12) to its copper, sulfur, 
and amino acid content. The mean value obtained is 36,700 
(Table III). This estimate is based purely on stoichiometrical 
relationships, and is approamately one-quarter of the minimal 
value obtained from osmotic pressure measurements. 


Table III 

Minimal Molecular Weight of Limulus Hemocyanin from Chemical Analysis 


Protein constituent 

; Weight oi constituent 
present 

Weight 
containing j 
1 atom i 

or molecule 

Assumed No. 

of atoms 

OT molecules 

Minimal 
mol. wt. 


per cent 

ffm. 


om. 

Cystine 

1.94 (25) 

12,383 

3 

37,100 

Methionine 

2.76 (25) 

5,404 

7 

37,800 

Tryptophane . . . 

4.52 (29) 

4,516 

8 

36,100 

Tyrosine 

4.50 (29) 

4,024 

9 

36,200 

Histidine 

4.52 (25) 

3,431 

11 

37,800 

Arginine 

6.37 (25) 

2,733 

13 

3o,500 

Lysine 

8.92 (25) 

1,638 

22 

36,000 

Sulfur 

1.22 (25) 

2,623 

14 

36,700 

Copper 

0,173 (27) 

36,745 

1 

36,700 

Mean 

36,700 


The figures in parentheses are bibliographic reference numbers. 


For convenience the hemocyanin unit of molecular weight 
147,000 (see osmotic pressure) will be referred to in this work as 

® No reduction in the molecular weight of Cancer hemocyanin occurred 
when copper^was removed from the native protein. This was shown by 
comparative osmotic pressure measurements upon normal and upon copper- 
free hemocyanin prepared by the cyanide procedure of Kubowitz (24). 
Both proteins were dissociated by urea. In native hemocj’anin (Cancer) 
the copper therefore appears combined in such a way that a breakage of its 
linkages is unaccompanied by protein dissociation, whereas in denatured 
(acid-treated) hemocyanin (Lfmitlus) dissociation appears to be coincident 
with rupture of copper bonds. 

‘ Chemical tests showed that urea-treated Limulus hemocyanin con- 
tained copper. 
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the fundamentaP hemocyanin unit, since smaller copper-containing 
units have not yet been reported. 

Relation between Fundamental Hemocyanin Unit and Prosthetic 
Group— The number of prosthetic groups (14, 15) attached to the 
fundamental hemocyanin unit may be ascertained by comparing 
the number of copper atoms in the complex and in this unit, 
since according to Conant and his coworkers all the copper in 
Limulus hemocyanin appears to be in the prosthetic group (14, 
15). 

The analytical data of Conant, Dersch, and Mydans (14), given 
in Table IV, suggest 4 atoms of copper per mole of amino acid 
prosthetic group. This is supported by the data of Mazur (25), 
whose reported value of 0.08 per cent “sulfate” S in Limulus 


Table IV 

Minimal Molecular Weight of Prosthetic Groups of Limulus Hemocyanin 

from Chemical Analysis 


Constituent 

Percentage of 
constituent 

Weight 

containing 

1 atom 

Assumed No. 
of atoms 

Mol. wt. 

Amino N 

0.58 

Qtn, 

2415 

1 

1 

pm. 

2416 

Cu 

14.2 

448 

! 4 

1792 

s 

6.3 

608 

I ^ 

2032 



Mean 

2080 



hemocyanin agrees fairly well with that calculated on the assump- 
tion that there are 4 atoms of Cu and 4 atoms of S® in the pros- 
thetic group; namely, (4 X 32 X 100)/147,000 = 0.087. Since 4 
atoms of Cu also appear to be present in the fundamental hemo- 
cyanin unit (Table III), it would follow that this unit contains 1 
prosthetic group. 

The fundamental hemocyanin unit and the prosthetic group do 
not appear to be linked together by means of copper bonds, since 

» Fundamental with respect to size, but not necessarily with respect to 

chemical composition. _ 

8 Present as "sulfate” S, since the prosthetic group contains neither 
methionine nor cystine S, whereas Limulus hemocyanin contains methion- 
ine, cystine, and "sulfate” S (c/. (26))., 
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removal of metal by dialysis against cyanide does not remove the 
prosthetic group, for resynthesis of pigment takes place on addi- 
tion of copper salt to the dialyzed solution (24). 

The writer is indebted to Professor E. J. Cohn, and also to 
Professor R. M. Ferrj’’, Professor J. T. Edsall, and Dr. J. P. Green- 
stein for reading the manuscript of this paper and making helpful 
suggestions. 


SUMMARY 

1. From osmotic pressure measurements on Limuhis hemocy- 
flnin in isoelectric urea solutions, the mean molecular weight 
(corrected for de\'iations) was found to be 142,000, or smaller 
than that obsen'ed in aqueous isoelectric buffer solutions. 

2. Limulus hemocyanin, after treatment with acid at about pH 
3, which removes the copper from the protein, was found to have 
a molecular weight in urea solution of 69,000, or approximately 
one-half that of copper-containing hemocyanin in urea. 

3. The minimal molecular weight of Limulus hemocyanin es- 
timated from chemical analysis appears to be 36,800. 

4. The Limulus hemocyanin unit of molecular weight 147,000 
appears to possess one prosthetic group containing 4 atoms of 
copper. 
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Interest in the chemical composition and identification of 
urinary protein has been stimulated by the work of Block ei al. 
(1) who suggest that urinary protein is chemically identical with 
total serum protein and is changed to an albumin in the urine by 
the physical environment. For the proof of such a concept it is 
essential to have exact and complete amino acid analyses of 
urinary and serum proteins. One of the purposes of this paper is 
to furmsh such analyses. 

Further interest is aroused by Block’s (2) separation of serum 
protein by various salting-out procedures into many protein 
fractions with widely different molecidar ratios of the amino 
acids, arginine to lysine (10:9 to 10:92). This variation in ratio 
suggests the possibility of the formation of artificial products from 
one large aggregate by the reagents employed rather than a 
separation of the serum proteins into knowm entities of albumins 
and globulins. 


EXPESIMENTAL 

The serum was separated from 1500 ml. of blood obtained from 
three healthy yormg men and combined for analysis. 200 ml. 
of serum were coagulated by heat at pH 6, filtered, and the pre- 
cipitate washed with hot water until chloride- and sulfate-free. 

* The data in this paper have been taken from a thesis presented by 
William A. Jlurrill to the Horace H. Rackham School of Graduate Studies 
of the University of Michigan in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy. 
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Urinary and Serum Proteins 


It was then washed several times with 95 per cent alcohol, once 
with absolute alcohol, and several times with ether and dried in a 
vaccum desiccator over sulfuric acid for several days. This 
was considered to be total normal serum protein. The remaining 
430 ml. of serum were fractionated quantitatively into albumin 
and globulin by the procedure of Howe (3) and washed and dried 
as before. In addition, a 500 ml. sample of blood was obtained 
from a nephritic patient who had a daily output of 7 gm. of urinary 
protein. The serum was separated and total serum protein was 
prepared as above. 

Urinary protein (Sample A) was collected from this same pa- 
tient over a period of several weeks, while subsisting on a diet 
free of egg protein. The intake was 100 gm. of protein and 3000 
calories per day. A second sample of urinary protein (Sample B) 
was obtained over a period of 2 weeks while this individual was 
fed a diet in which the protein (35 gm.) was supplied essentially 
by eggs and which yielded 1500 calories per day. In both cases 
the collection of urinary protein was started after the subject 
had been on the diet for 1 week. 

The albumin to globulin ratios of the serum and urinary pro- 
teins were obtained by the method of Howe (3). Moisture and 
ash were determined by the usual procedure for the minary pro- 
tein samples. The values for serum protein were corrected for 
ash and moisture by the following procedure. Assuming 16 per 
cent as the average nitrogen content for serum proteins corrected 
for moisture and ash, we multiplied our various analytical values 
by the ratio of 16 over the experimentally determined nitrogen 
content. The total nitrogen was obtained by the micro-Kjeldahl 
method of Pregl and amide nitrogen by the aeration method (4). 
Total sulfur was determined by the Parr bomb method. Cystine 
was determined by the Sullivan method, as modified by Rossouw 
and Wilken-Jorden (5), tyrosine and tryptophane hy the methods 
of Folin and Marenzi (6), and basic amino acids by the methods 
of Block (7). The histidine was isolated by use of nitranilic 
acid (7). 


DISCUBSION 

The total nitrogen content of the various fractions of normal 
serum protein varied from 13.48 to 14.72 per cent and was in 



Murrill, Block, and Newburgh 


523 


general of the same order of magnitude as that of nephritic total 
serum protein (Table I). The variation probably was due to a 
difference in the moisture content, as shown in the case of the two 
samples of urinary protein, the values being 16.26 and 16.16 per 
cent respectively when corrected for ash (Sample A, 0.23 per cent; 
Sample B, 0.09 per cent) and moisture (Sample A, 8.8 per cent, 
and Sample B, 4.9 per cent). A significant difference was found 
in the amount of cystine, tyrosine, tryptophane, Ij^sine, and ar- 

Table I 

Analyses of Human Serum and Urinary Proteins 
All values except the total nitrogen are corrected for ash and moisture 
as described in the text. 


Protein 

Albumin 

-S 

p 

A 

5 

TotnlN 

Sulfur 

O 

£ 

O 

R 

b-S 

m 

O 

c 

1 

P 

0 

1 

Cl 

o 

Qi 

O 

e 

3 

R 

Argtnino 

O 

e 

1 




per 

per 

per 


per 

per 

PC' 

per 

per 




cent 

cent 

cent 

cent 

cen< 

cesxt 

cen< 

cen< 

cent 

Total serum, normal 

2.0 

14.28 

1.62 

4.32 

71 

5.56 

1.65 

2.47 

5.20 

9.63 

" " nephritic.. 

2.6 

14.72 

1.62 

4.24 

70 

0.45 

1.58 



9.64 




13.48 


4.75 


4.94 

0.82:2.58 



Globulin, “ 





3.43 


6.38 

2.42 

2.34 

Bmi 


Theoretical values* 





am 


Mil 

0.88 

2.57 

5.28 

10.27 


24 

14.80 

1.84 

5.7 

82.4 

5.1 

0.90 

2.46 

5.70 

10.46 

I< (< (( g 

24 

15.33 

1.87 

6.0 

86.1 

5.2 


2.58 

5.60 

10.35 


* Values calculated for a serum protein vdth an albumin to globulin 
ratio of 24:1, our values for albumin and globulin being used. See the 
text. 

t Samples A and B were collected while the subject was on different 
diets. See the text for the details. 

ginine in serum globulin as compared with serum albumin 
(Table I). 

The values for sulfur and various amino acids in total normal 
serum protein are in close agreement with those obtained for 
total nephritic serum protein (Table I). These findings are in 
agreement with those of Metzger (8) and Tuchman and Reiner (9). 
However, in view of the work of Lang and Braun (10), Schenck 
and Kunstmann (11), Alving and Mirsky (12), and Dirr (13) 
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we might have expected differences, because these workers pre- 
sent evidence to show that serum proteins are not of constant 
composition. 

The percentages of sulfur and of all the amino acids determined 
except histidine are significantly different in albumin and globu- 
lin. In our preparation the cystine content of human serum 
albumin was 4.75 per cent as compared to 3.43 per cent for the 
globulin. Other workers (8, 14-17) find similar differences in 
the cystine content of serum albumin and globulin obtained from 
different species (human, horse, goose, and ox). Hewitt (18) 
separated serum albumin into three fractions and obtained 5.8 
per cent cystine as the highest value, in the fraction referred to 
as crystalbumin. The lowest cystine content of an albumin 
fraction (1.8 per cent) was found in seroglycoid. Abderhalden 
and Siebel (19) obtained for horse serum albumin 4.5 per cent 
tyrosine and 0.83 per cent tr 3 T)tophane, and for globulin 5.73 
per cent tyi’osine and 2.12 per cent tryptophane. These are in 
agreement with our values for human serum albumin (tyrosine, 
4.94 per cent; tryptophane, 0.82) and globulin (tyrosine, 6.38 
per cent; tryptophane, 2.42). The histidine values obtained by 
us are higher than those previously reported (1, 20) for serum 
proteins. This can be explained by the fact that we used the 
nitranilic acid method of Block (7), which gives higher values. 
No differences between the histidine content of human serum 
albumin and human serum globulin were observed. This is 
contrary to the findings of Block (20) who made similar studies 
with cattle serum. The arginine and lysine values for albumin 
are 5.3 and 10.4 per cent respectively as contrasted to 4.7 and 
7.0 per cent for the globulin. These absolute values are higher 
but the relative values are similar to those for cattle serum (20). 

In order to ascertain whether urinary protein is total serum 
protein (1, 21) or mostly albumin (22), comparison of the sulfur 
and amino acid contents of the urinary protein, total serum 
protein, albumin, and globulin is significant (Table I). The 
cystine values for urinary protein (5.7 and 6.0 per cent) are higher 
than those for our unpurified sample of serum albumin but agree 
with the value of 5.8 per cent for crystalbumin (23) and with the 
figure of 6.07 per cent obtained for human serum albumin by 
Tuchman and Reiner (9). If the values obtained for tyrosine. 
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tryptophane, arginine, and lysine of human serum albumin are 
compared with the urinary protein values (Table I), one observes 
very close agreement. The albumin to globulin ratio for urinary 
protein was found to be 24:1 (Table I). A close agreement exists 
between the amino acid composition of the tirinary protein as 
determined and that which would be anticipated if the luinary 
protein were a mixture of serum proteins in the above ratio 
(designated as “Theoretical values” in Table I) or entirely’ serum 
albumin. The eridence here presented suggests that serum pro- 
tein is composed of at least two distinctly different protein com- 

Table II 

Analyses of Pig Serum Protein Fractions 
All values except the total nitrogen are corrected for ash and moisture 
as described in the text. 



Nitrogen 

C>-3- 

tine 

Tjto- 

sine 

Tryjy- 

to 

phane 

His- 

tidine 

Arp- 

nine 


Fraction 

Total 

Amide 

of 

total 

Hu- 
min of 
total 

Lyeine 


per 

per 

per 

per 

per 

per 

per 

per 

per 

Saturated MgSOt fil- 

cent 

i 

cent 

cent 

cent 

cent 

j 

cent 

cent 

cent 

cent 

trate, 25° 

relin 

6.81 

1.76 

5.39 

5.20 

l.OS 

2.9 

5.8 

9.5 

30% NajSOi ppt 

14.35 

8.35 


2.84 

5.92 

1.23 

♦ 

5.7 

8.4 

20%MgSO4 “ 

Saturated MgSOi ppt.. 

13.35 

9.46 



6.04 

2.13 


5.3 

6.9 

37° 

15.22 

8.20 

1.83 

2.75 

5.90 

2.16 


5.4: 

6.5 

15% NajS04 ppt 




[ 2.76 

6.10 

2.13 


5.3 

6.2 


* Determination lost. 


ponents, since the albumin in the native state must have different 
properties from the other constituents to be selectively excreted 
through the kidney. 

Serological comparisons also indicate to us that urinary' protein 
is not total serum protein but a fraction thereof.* 

Our findings that urinary protein is not identical with total 
senun protein in so far as amino acid content is concerned does 
not corroborate the work of Block et al. (1) who found that urinary 
protein is the same as total serum protein. In -snew of this dis- 

* Murrill, W. A., Soule, .M. H., and Newburgh, L. H., unpublished data. 
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crepancy and since Block used this finding as evidence that 
serum protein fractions as ordinarily prepared are artifacts rather 
than real entities, we fractionated fresh pig serum by the salting- 
out procedures of Block (2) and determined on each fraction 
nitrogen, sulfur, .and six amino acids (Table II). These data 
indicate no great variation in the amino acid values. The dif- 
ferences are of the same order of magnitude that exist between 
the contents of the amino acids found for human serum albumin 
and globulin (Table I). The greatest variations of fractions of 
pig serum were in the cystine (2.76 to 5.39 per cent), tryptophane 
(1,08 to 2.16 per cent), and lysine (6.2 to 9.5 per cent) contents. 
The arginine to lysine ratios varied from 10:14 to 10:20 as con- 
trasted to 10:9 to 10:92 reported by Block for cattle serum (2). 
The data afford no evidence that the experimental procedure of 
salting-out effects any significant fractionation other than the 
usual separation into the components commonly designated as 
albunun and globulin. 

SUMMARY 

1. A comparative study of the composition of serum albumin, 
serum globulin, and urinary protein has been made by determin- 
ing the sulfur, nitrogen, and various amino acids. The results 
indicate that urinary protein is either all serum albumin or is a 
mixtxire correctly represented by the albumin to globulin ratio 
as found in the urine. 

2. Two samples of urinary protein collected while the subject 
subsisted on different dietary regimes show identical analyses. 

3. Pig serum was fractionated by the procedures of Block and 
the various fractions were analyzed. No evidence was obtained 
to indicate that the various fractions differed widely in compo- 
sition, notably in their lysine content, as reported by Block for the 
protein fractions of beef serum. 

The authors wish to thank Professor Howard B. Lewis for his 
many helpful suggestions and criticisms throughout this study. 
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ASSAYS OF URINE FROM RHESUS MONKEYS FOR 
PREGNANEDIOL AND OTHER STEROIDS* 
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{From the School of Chemislry and Physics, Pennsylvania State College, 
Slate College, and the DepaHmenl of Embryology, Carnegie 
Instilntion of Washington, Baltimore) 

(Received for publication, February 6, 19-iO) 

The discovery of the relationship of progesterone to the preg- 
nanediols (1) has proved important both theoretically and clin- 
ically. Since it has been shown that the titer of pregnanediol, 
present in human urine as sodium pregnanediol glucuronidate, 
reflects the rate of secretion of progesterone and hence the activity 
of the corpus luteum, it is possible roughly to determine the time 
of o\nilation in the menstrual cj'cle (2-5). Since in the pregnant 
woman the pregnanediol level rises gradually in normal cases 
according to a certain broad cuiA’-e, it is possible in pathological 
cases, as for example in habitual abortion, to diagnose the char- 
acter of an existing hormonal deficiency (6-10). 

Inasmuch as the rhesus monkey has come to be the standard 
primate animal for the study of menstrual phenomena and of 
pregnancy, it seemed of interest to determine whether this species 
metabolizes progesterone as does man. 

Before we proceed to the discussion of the joint studies made 
by the present authors, it is necessary to report some previous 
assays of pregnancy urine made on monkeys of the Carnegie 
colony. These results are here reported for the first time with 
the permission of the experimenters, Dr. E. B. Astwood and Dr. 
Paul G. Weil. 

In 1937 Astwood made assays on the pooled urines from the 
pregnant monkeys listed in Table I and also the urines of sis 

* This investigation was supported by a grant to R. E. Marker from the 
Committee for Research in Problems of Sex of the National Research 
Council. 
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non-pregnant females and one male. In no case was pregnanediol 
glucuronidate recoverable even in traces. It was also found that 
none of the 50 mg. of free pregnanediol injected subcutaneously 
into a dog or 90 mg. injected into a monkey was recoverable in 
the urine, whereas much of the 110 mg. of the water-soluble 
glucuronidate injected into an adult rabbit rapidly reached the 
urine. 

In 1938 Weil (11), applying his method of extracting free preg- 
nanediol where present, again failed to find any trace of this com- 
pound in the urine of several pregnant monkeys of the Carnegie 
colony. 


Table I 


Collection of Monkey Urine for Analysis by Dr. Aslwood 


CnTnopie 

accession 

No. 

Weight 

Date of 
conception 

Date of 
parturition 

Urino collection 


kg. 


mr 


281 

7 

Jan. 16, 1937 

July 11 

Mar. 9-29 

391 

6 

Nov. 28, 1936 

May 12 

“ 9-29; Apr. 1-18 

469 

7 

Feb. 1, 1937 

June 23 

“ 9-29; “ 1-18 

H20 

Large 


Mar. 27 

“ 9-29; “ 1-18 

H22 

(i 


May 3 

“ 9-29; “ 1-18 

T18 

(t 


Apr. 18 

Apr. 3-20 


Further evidence of species differences in the metabolism of 
progesterone is afforded by certain studies which it is pertinent 
to cite here. Westphal and Buxton (12) were unable to recover 
pregnanediol glucuronidate from pregnant rabbits and cats, 
although this substance is present in the urines of other species 
(pregnant cow (13), pregnant mare (14), bull (16)). The allo- 
pregnanediols are characteristic of the latter (13-16), while 
pregnanediol-3(a),20(a) is characteristic of human pregnancy 
urine (1), which yields some allopregnanediols also (17, 18). 
Comparing man and monkey with regard to the fate of injected 
progesterone, we note that this compound administered to either 
women (19, 20) or men (21) is excreted by the kidneys as sodium 
pregnanediol glucuronidate. This is not true of the monkey (12). 

In view, therefore, of this fundamental difference between man 
and monkey in the metabolism of progesterone it seemed desir- 
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able to pursue the subject further. It was decided, first, to make 
a more complete assay of pregnancy urine of the monkey for 
various steroidal compounds and, second, to attempt to recover 
end-products of theelin or of progesterone administered in large 
amoimts to monkeys. 

Assays of Urine from Untreated Pregnant Rhesus Monkeys 

In the present study 12 gallons of tudne were collected from 
three pregnant monkeys whose protocols read as follows : 

Monkey 609 — This 4.5 kilo female conceived in consequence of a 
single coitus on December 23, 1938. Urine was collected from 
January 30 imtil March 6, 1939, when the animal was used for 
another purpose. 

Monkey 622 — Conception occurred in the case of this animal 
(weight 4.5 kilos) on December 6, 1938. Urine was collected 
from January 30 to March 20, 1939. On May 24 the monkey 
delivered a 430 gm. female baby, which it nursed. 

Monkey 636 — On arrival from India on April 16, 1938, this 
female was in possession of three new bom babies, having prob- 
ably kidnaped two of the three from cage mates. The monkey 
weighed 4780 gm. when acquired by the Carnegie colony 2 weeks 
later. On December 5 the monkey conceived again. Urine was 
collected from January 30 to March 20, 1939. On April 27, the 
145th day of gestation, a two-headed monster was bom dead. 

Examination of Pregnancy Urines 

12 gallons of urine of the three pregnant rhesus monkeys listed 
above were hydrolyzed by heating at 95° for 75 minutes with 10 
per cent hydrochloric acid. The product was well extracted 
with butanol and the solvent removed by vacuum distillation. 
The residue was hydrolyzed by steam distillation with sodium 
hydroxide for 2 hours. The total product was extracted with a 
large volume of ether, which was washed with water and evap- 
orated to a syrup. 

Carbinol Fraction — The neutral portion from the alkaline 
hydrolysis was dried by distillation of benzene from it. To the 
residue were added 8 gm. of succinic anhydride and 10 cc. of 
pyridine. This was heated for 1 hour on a steam bath, dissolved 
in ether, and the pyridine removed by hydrochloric acid. The 
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succinates were removed by shaking with potassium carbonate 
solution. These were hydrolyzed by refluxing with alcoholic 
potassium hydroxide for 1 hour. The earbinol fraction was 
extracted and gave 2.9 gm. of material. 

This was dissolved in 25 cc. of ethyl alcohol and a solution of 
1 gm. of digitonin in 50 cc. of alcohol added. After standing 
overnight, the precipitate was filtered and dried; weight 390 mg. 
This was decomposed by heating with pyridine, and the product 
crystallized from alcohol. It gave a product melting at 146-147® 
which gave no depression in melting point when mixed with choles- 
terol; weight 35 mg. 

The filtrate from the cholesterol was dissolved in alcohol and 
treated with bromine until a faint color remained. This was then 
treated with alcoholic digitonin, but only a faint precipitate was 
obtained, showing that no saturated j3-steroIs were present. 
Further proof of this was afforded by debromination and oxidation 
at 20° with chromic acid in acetic acid. No allopregnanedione 
was obtained, which is very insoluble and readily isolated. There 
was also no equistanol present, which has been found in all urines 
examined except human urine. 

The mother liquors from the first digitonin precipitation were 
evaporated to dryness and taken up in ether and filtered. The 
residue was treated with Girard’s reagent in alcohol, but no 
appreciable amount of ketones was present. The non-ketonic 
earbinol fraction (weight 2.4 gm.) was sublimed in a high vacuum. 
The first fraction taken up to 100° was an oil weighing 300 mg. 
This upon oxidation at 20° gave only acids and was probably 
aliphatic carbinols, as it had quite a fruity odor. The next frac- 
tion distilling at from 100-125° weighed 320 mg. This also gave 
only acids upon oxidation at 20°. The next fraction taken from 
125-225° over a 40 hour period weighed 950 mg. It was very 
soluble in ether, benzene, acetone, and ethanol, from which the 
pregnanediols readily crystallize if present. It resisted crystal- 
lization even from dilute acetone, coming out as an oil. The total 
product was added to 25 cc. of xylene and refluxed with sodium 
for 9 hours. If allopregnanediol were present, it would have been 
converted into the /3 form at C-3 which precipitates with digitonin. 
Upon treatment with digitonin in alcohol there was only a small 
precipitation, showing the absence of allopregnanediol. The 
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product was then oxidized with chromic acid in acetic acid at 20®, 
yielding 310 mg. of ketones after treatment with Girard’s reagent. 
These would not crystallize from any of the solvents from which 
allopregnanedione ciystallizes. Their semicarbazones were very 
soluble in alcohol, which is in contrast to the almost completely 
insoluble semicarbazone of allopregnanedione. 

The non-distillable fraction of carbinols which consisted of a 
dark resin gave only a gelatinous precipitate in small amormt 
upon attempted crystallization. This was oxidized by chromic 
anhydride in acetic acid and the ketonic fraction removed by 
Girard’s reagent consisted of 240 mg. of product. This was 
sublimed in a high vacmun and the portion distilling at 100-150° 
crystallized from dilute acetone and methyl alcohol. After three 
such crystallizations and one from pentane 4 mg. of product were 
obtained, melting at 120-129°, which gave no depression in 
melting point when mixed with androstanedione. 

Analysis — CisH-sOj. Calculated, C 79.1, H9.8-, found, C 78.7, H 9.6 

Hydrocarhon Fraction — The ether extract of the succinates 
was distilled in a high vacuum at 90-120°. This fraction gave 
upon crystallization from acetone a product melting at 63-64°; 
yield 35 mg. It gave no depres.sion in melting point when mixed 
with the urinary hydrocarbon obtained from human pregnancy 
urine and mare’s pregnancy urine. 

Analysis — CnHsj. Calculated, C8o.3, H 14.8; found, C 85.2, H 14.6 

Phenolic Fraction — The alkaline extract of the original hydrol- 
ysis was acidified and extracted with ether. This was washed 
with sodimn carbonate solution to free it of acids. It was then 
dissolved in sodium hydroxide and extracted with ether. The 
alkaline layer was acidified and extracted with ether. The 
phenolic fraction consisting of 2.6 gm. was distilled in a high 
vacuum. Much low boiling material distilled below 120° which 
was very fluid and smelled strongly of cresols. The fraction 
distilling from 120-240° weighed 1.1 gm. and was dissolved in 
alcohol and heated with semicarbazide hydrochloride and sodium 
acetate for 1 hour, the alcohol being distilled off. The residue 
was extracted with ether, heated with water, and filtered. It gave 
8 mg. of crude product which upon recrystallization from alcohol 
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gave 2 to 3 mg. of a product which melted at 245-248° and gave 
no depression in melting point when mixed with estrone semi- 
carbazone. The amount was too small for further characterization. 

Urine of Pregnant Monkey Injected vnth Estrone 

Administration of Estrone— Movikey 661 weighed 5330 gm. 
when received on November 17, 1938; 6580 gm. a year later. On 
Febniary 8, 1939, the monkey conceived. On April 28, the 78th 
day of gestation, hypodermic injections of theelin were begun. 
1.125 gm. of crystalline theelin were dissolved in 20 cc. of Mazola 
oil (maize oil). The container was warmed and shaken each day 
before removal of a portion for injection. 1 cc. containing 56.25 
mg. of theelin was administered daily except that on Saturdays a 
double dose was given to make up for omission of injections on 
Sundays. However, on the last day only 0.5 cc. was left; a total 
of 1.097 gm. of theelin therefore was injected in the 20 day period. 

The injected hormone had certain physiological effects. The 
sex skin of the animal was, of course, greatly congested, that is, 
brilliantly red ; but the edema of the sex skin was much less marked 
than is usual with such large doses in non-pregnant animals. The 
only swellings were loose folds in the epipubic and perineal regions. 
On June 5, the 116th day of gestation, the female gave birth to a 
somewhat dehydrated fetus which had a crown-rump length 
normally attained by the monkey fetus at 100 days of develop- 
ment. The sex color did not diminish in intensity after the 
abortion, as is usually the case; in fact continued unabated into 
July, when observations were discontinued. The long persistence 
of the estrogenic effect was probably due to slow absorption of 
the highly concentrated oil solution. 

It is worthy of note that after the April molt the animal failed 
to acquire a new coat of hair until well into the fall. 

Urine was collected from the animal in three lots of 2 gallons 
each. Roughly, the first batch covered the period of actual 
injections, the second, the succeeding 3 weeks, and the third, a 
period following the abortion. 

Assay of Urine — The urine was worked up in 2 gallon lots as 
collected. Each lot was hydrolyzed by heating at 95° for 1 hour 
with 10 per cent hydrochloric acid. It was thoroughly extracted 
with butanol and the solvent removed in vacuo. The residue was 
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dissolved in alcohol, ether added, and the alcohol removed by 
washing with water. A tar precipitated and was removed from 
the ether by filtering through norit. The filtrate was shaken 
with aqueous sodium hydroxide to remove acids and phenols. 
The aqueous layer was acidified, extracted with ether, and the 
ethereal solution washed with sodium bicarbonate solution and 
then water. The ether was evaporated, giving a residue of 0.3 
gm. of phenolic material. This was dissolved in ethyl alcohol 
and heated for 2 hours with 100 mg. of semicarbazide hydro- 
chloride and 110 mg. of sodium acetate, the alcohol being dis- 
tilled in the meantime. Ether was added and the product filtered 
and washed well with ether. It was then washed with water and a 
small amount of cold alcohol followed by ether. This gave 7 mg. 
of product melting at 249-253° with decomposition. The second 
2 gallons of urine yielded 13 mg. of product, whereas the third 2 
gallons of urine collected after abortion gave 28 mg. of product. 
The semicarbazones were mixed and recrystaUized from alcohol 
to give a product melting at 252-254° with decomposition. It 
gave no depression in melting point when mixed with estrone 
semicarbazone. 

Upon hydrolysis with dilute alcohol sulfuric acid and crystal- 
lization from 50 per cent alcohol, the product 3 delded estrone, 
m.p. 258-259°, which gave no depresrion with an authentic 
sample. 

Analysis— CiiRuO.. Calculated, C 79.9, H 8.3; found, C 79.8, H 8.2 

No additional phenolic fraction was obtained from the neutral 
fraction after alkaline hydrolysis of the total combined extracts 
of the 6 gallons of urine. When worked up as described in the 
first case, the product did not contain a trace of any of the three 
pregnanediols common to other pregnancy mines. A smal l 
quantity of cholesterol was isolated. 

Urine of Pregnant Afonfeey Receiving Progesterone 

Administration of Hormone — ^Monkey 657 was received into the 
colony on November 17, 1938, weighing 5330 gm. The animpl 
ovulated and conceived on February 8, 1939. Beginning on 
April 28, the 79th day of gestation, it received subcutaneously 
daily injections of 53.5 mg. of progesterone in 1 cc. of oil, except 
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on three Saturdays when it received 107 mg. and three Sundays 
when none was given; on the last day (May 17) only36 mg. were 
left for injection. The animal therefore received a total of 1.040 
gm. in 20 days. About 2 gallons of urine were collected in 33 
days, as against almost double that quantity furnished by Monkey 
661 receiving theelin. The female showed no unfavorable symp- 
toms at any time except a slight blanching of the sex skin (to 6 
on a scale of 10) for several weeks after the injections were stopped. 
There was no blanching during or immediately after the period 
of injection. Such a failure to react promptly to progesterone is 
attributable to the pregnancy, since in a castrate receiving estrone 
the reddened sex skin promptly blanches upon injection of pro- 
gesterone. 

On July 25, the 167th day of gestation. Monkey 652 gave birth 
to a 460 gm. male baby which it nursed until November 14, 
when the infant was needed for neurological studies; 167 days 
constitute almost the exact average of the gestation period for 
the rhesus monkey. 

It is thus seen that this monkey metabolized a relatively huge 
quantity of progesterone in mid-pregnancy without untoward 
effect either on mother or infant. 

Assay of Urine — The urine was collected for 33 days and 
amounted to approximately 2 gallons. This was processed as 
described in the first case. It did not yield a trace of any of the 
three pregnanediols present in other pregnancy urines. There 
was not enough estrone present for isolation. The only product 
obtained from the carbinol fraction was cholesterol. Even on 
oxidation of the carbinol fraction, isolation of the ketones by means 
of Girard’s reagent, and conversion to the semicarbazones pro- 
duced no insoluble semicarbazones which are characteristic of the 
semicarbazones of both pregnanedione and allopregnanedione. 

A control experiment on the technique of isolation of the above 
products was run on a 2 gallon sample of human pregnancy urine, 
from which the pregnanediols were isolated in the expected 
quantities. 

SUMMAEY 

The steroidal content of the urine of the pregnant rhesus monkey 
was investigated and it was found that it does not contain even a 
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trace of the pregnanediols common to other pregnancy urines. 
A pregnant monkey "was injected vrith over 1 gm. of estrone in 
20 days and upon examination the urine was formd to contain 
only a small portion of the total estrone injected. The estrone 
caused the death of the fetus. Injection of progesterone (over 1 
gm. in 20 days) into the pregnant monkey failed to produce even a 
trace of the pregnanediols in its urine. The progesterone had 
no unfavorable effect on either the mother or fetus. 
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3 years ago the author faced the need of a blood acetone body 
method that would be sufficiently delicate for use in determining 
the low values present during the onset of ketosis, sufficiently 
accurate for use with arteriovenous differences, and technically 
simple enough to allow a number of simultaneous determinations 
without inconvenience. The method described below is believed 
to meet these requirements and has proved itself satisfactorj’ 
in a number of studies on acetone body metabolism. It depends 
upon the determination of mercury in the Denigte’s precipitate 
formed essentially according to the technique of Van Slyke (1). 
The suppression of ferric thiocyanate color in the presence of 
minimal amounts of thiocyanate and an excess of ferric nitrate 
is proportional to the amoimt of mercuric ion present, and permits 
determination of the mercury in the precipitate formed from the 
filtrate representing 1 ml. of normal blood. 

Reagents — 

0.002 N mercuric nitrate standard solution. Dissolve 0.2166 
gm. of red HgO in about 100 ml. of distilled water to which 5 ml. 
of concentrated nitric acid have been added, and make up to 
1 liter with distilled water. 

Modified Denig^ reagent. Dissolve 70 gm. of c.p. HgSO« 
in 6.0 N HsSOi and make up to 1 liter with 6.0 N H 2 S 04 . Merck’s 
brand of merctnic sulfate has been satisfactory', which makes it 
unnecessary to prepare this solution by dissolving red mercuric 
oxide in sulfuric acid as recommended by Van Slyke. 
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Thiocyanate solution (approximately 0.01 n). Dissolve about 
900 mg. of NaCNS or 1.1 gm. of KCNS in 1 liter of distilled water. 
Since standard curves should be obtained for known amounts 
of mercuric ion each time new solutions are made, it ismot neces- 
sary to standardize the thiocyanate solution. It should, how- 
ever, be adjusted so that Avhen 1 ml. is added to 50 ml. of a solution 
containing 5 ml. of concentrated nitric acid and 2 ml. of 50 per 
cent ferric nitrate solution the color that appears gives a reading 
of betAveen 25 and 30 on the photelometer scale, or a convenient 
reading on any other type of photoelectric colorimeter. A thio- 
cyanate solution of half the above strength is preferable for the 
acetone body values found in normal blood. The thiocyanate 
solution may be protected against mold formation by the addition 
of 2 gm. of sodium benzoate per liter; this has no effect on color 
development or intensit}^ 

50 per cent ferric nitrate solution. 100 gm. of c.p. Fe(N 03 ) 3 -- 
9 H 2 O are dissolved in water and made up to 200 ml. vuth the 
addition of 2 ml. of concentrated nitric acid. 

5 per cent potassium dichromate in distilled water. 

Procedure 

In brief, protein-free blood filtrate is refluxed with the Denig^s 
reagent according to Van Slyke (1), the precipitate is retained 
on a sintered glass filter, after careful washing the precipitate is 
dissolved by boiling concentrated nitric acid, an excess of ferric 
nitrate and a small amount of thiocyanate are added to the dis- 
solved precipitate, and the intensity of the color is determined 
in the photoelectric colorimeter. 

The protein-free filtrate is best prepared by use of the second 
zinc sulfate technique of Somogyi (2), in which the blood is laked 
by an acidified solution of zinc sulfate and precipitation accom- 
plished by the addition of sodium hydroxide solution. The 
mercuric sulfate precipitation as described by Barnes (3) may also 
be used but is less convenient. Values obtained on the twm types 
of filtrate from the same sample of blood have checked within 
the limits of error of the method. 

The removal of glucose is necessary only when the blood sugar 
level is above 300 mg. per 100 ml. If hyperglycemia of this 
degree is present, the sugar should be removed by treating 10 
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ml. of the filtrate with 4 ml. of 10 per cent copper sulfate, adding 
sufficient solid calcium hydroxide to make the mixture alkaline, 
allowing it to stand for 30 minutes, and filtering. Allowance 
must of course be made for the dilution when the acetone body 
content of blood so treated is calculated. 

Into a 125 ml., Pyrex roimd bottom flask with 24/40 standard 
taper joint are placed 10 ml. of filtrate and 4 ml. of modified 
Denigfes reagent. A pin-head-sized particle of alundum that 
has been cleaned by boiling with concentrated nitric acid and 
has then been thoroughly washed -with distilled water is placed 
in the flask. It is then connected with a Liebig type of Pyrex 
condenser without a drip tip and ■ndth a 400 mm. water Jacket, 
the condenser ter min ating in a 24/40 male joint. The flask 
rests upon a sand bath in a pan 13 cm. in diameter and is further 
protected from the direct heat of the flame b 3 ’’ an asbestos sheet 
25 cm. square and with a central opening 6 cm. in diameter that 
is placed beneath the sand bath. These precautions are essential 
to obtain slow and even boiling and to prevent overheating of 
any solution that spatters on the sides of the flask. The sand 
bath is heated by a microbumer, with the flame just high enough 
to produce even boiling. If any bumping should occur, a second 
alundum particle must be added through the condenser tube; the 
alundum should be a moderately coarse grade. After boiling 
has been steadj'’ for a few minutes, 1,0 ml. of 5 per cent potassium 
dichromate is added through the condenser tube and the contents 
of the flask are allowed to reflux for 1§ hours. 

When the flask is cool enough to be held in the hand the con- 
tents are filtered -with suction through a No. 3G4 (finest obtain- 
able) Jena fritted glass filter funnel of 30 ml. capacitj" that is 
fitted to a 1 liter suction flask. The flask is rinsed three times 
vith 15 to 20 ml. quantities of distilled water and the rinsings 
poured through the funnel. The sides of the funnel should be 
washed down with the last rinsing. The precipitate on the 
filter funnel is then further washed twice with distilled water. 
If the precipitate shows a tendency to creep up the sides, the 
washing should be continued until it is confined to the lower 
third of the funnel. Care must be taken that the alundum particle 
has been washed out on the filter, since some Deniges’s precipitate 
will be adherent to it. The suction is then stopped, the filter 
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funnel removed, and a 20 X 200 mm. test-tube graduated at 
50 ml. is placed in the suction flask. The filter funnel is replaced 
so that its neck extends into this test-tube. Then 5 ml. of con- 
centrated nitric acid are brought to a boil in a 60 ml. beaker, 
and when just boiling are poured into the funnel. The funnel 
is rotated to insure contact of the hot acid with all parts where 
precipitate may be lodged, and gentle suction is applied to draw 
the acid through the funnel in about 1 minute. The funnel is 
washed with sufficient distilled water to bring the total volume 
in the test-tube to about 45 ml. The test-tube is removed and 
2 ml. of 50 per cent ferric nitrate solution are added to its contents 
which are then brought to the 50 ml. mark with distilled w^ater. 
At this point the tube may be stoppered and the remainder of 
the procedure deferred if' desired. Mercuric ion is determined 
in the contents of the tube by adding 1 ml. of thiocyanate solution, 
mixing, and reading in the photoelectric colorimeter (the Cenco 
Sheard-Sanford photelometer -with a blue filter has been used). 
The photelometer reading is converted into mg. of mercury by 
reading from a standard curve. 

The standard reference cuiwe is prepared by placing varying 
amounts (from 0.5 to 5 ml.) of 0.002 n Hg(N 03)2 solution in 
20 X 200 mm. test-tubes graduated at 50 ml., adding 5 ml. of 
concentrated nitric acid and 2 ml. of 50 per cent ferric nitrate 
to each, making up to the mark ■with distilled water, adding 1 ml. 
of thiocyanate solution, mixing, and reading in the photelometer. 
Each ml. of 0.002 n IIg(N 03)2 solution contains 2 mg. of mercur 3 ^ 
The standard curve so obtained is a straight line when plotted 
on semilogarithmic paper, showing that color depression is in 
direct proportion to the amount of mercury present. 

The flasks are best cleaned between determinations by rinsing 
with concentrated HCI, which is the best solvent for traces of 
mercury compounds that may remain. 

The upper limit of the method as outlined above depends upon 
the exact concentration of the thiocyanate solution, which for 
convenience is left somewhat variable. In general if the blood 
contains more than 16 to 18 mg. of acetone bodies (as ^-hydroxy- 
butyric acid) per 100 ml., the amount of mercury in the pre- 
cipitate from 10 ml. of blood filtrate will either decolorize the 
solution completely or will produce such a faint color that it 



L. A. Crandall, Jr. 


543 


cannot be read with accuracy. Such determinations need not 
be lost. If the solution is colorless or judged to be too faint for 
accuracy, a 2nd ml. of thiocyanate may be added; if this does 
not produce color, a 3rd and if necessaiy^ a 4th ml. of thioc3’’anate 
ma}' be used. 4 ml. of thioc3'anate reagent ■will carty the range 
slightl3' above 60 mg. of acetone bodies per 100 ml. of blood, a 
value which has seldom been exceeded in the author’s experi- 
ments to date. It is suggested that if more than this amount of 
acetone bodies, expressed as j5-h3'drox3'but3'ric acid, is present 
the blood filtrate be diluted. Above this range the volume of 
precipitate is such that solution in 5 ml. of boiling nitric acid is 
slow and a faint 3'ellow color is imparted b3’ the amount of di- 
chromate in the precipitate. Standard curves must of course 
be set up for the values between 15 and 60 mg. per 100 ml. if 
they are to be encountered. 

The readings obtained in terms of mg. of mercury are converted 
into acetone bodies expressed as mg. of j3-h3'drox3'but3'ric acid 
per 100 ml. of blood b3' multipl3Tng b3' 15.4, or as mg. of acetone 
by multiplying by 6.33. The author has preferred to express his 
determinations in terms of /S-h3'dro.x3'butyric acid, since this 
appears to be that member of the group present in largest amount 
in ketosis. 

Acetone plus diacetic acid is determined alone by refluxing 
for 40 minutes without the addition of dichromate, filtering, and 
proceeding as above. If ^-h3^droxybutyric acid is to be deter- 
mined separately, 2 ml. of 6.0 n are added to 10 ml. of 

filtrate and the mixture boiled 10 minutes to drive off acetone 
and diacetic acid. This is made up to volume vdth distilled 
water, 2 ml. of a solution containing 140 gm. of HgSO< per liter 
of 6.0 N H2SO4 added, and the remainder of the procedure carried 
out as above. 


EXPEHmENTAL 

During the preparation of this article the contribution of Barnes 
and Wick (4) on the same subject was published. The method 
presented by these authors appears to be a considerable improve- 
ment over those prenousb" available but is believed to be no more 
accurate and perhaps somewhat more laborious than that here 
described. Since Barnes and Wick have carefull3' reviewed the 
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literature and discussed the indications for an unproved method 
only the directly pertinent literature will be noted in the present 
communication. 

The concentration of dichromate has been increased above that 
originally recommended by Van Slyke (1) to avoid the necessity 
of removing glucose from every sample of filtrate.. The increase 
in dichromate does not, as is shown in Table I, affect the recovery 
of j0-hydroxybutyric acid in the absence of glucose. It does 
prevent glucose from depressing recovery up to concentrations 


Table I 


Effect of Varying Glucose Concentrations on Recovery of fi~Hydroxybutyric 
Acid from 10 Ml. of Pure Solution 


Glucoeo 

addod 

O.fi ml. 6 per cent dichromato 
added 

Glucose added 

1 . 0 ml. 6 per cent dichiomate 
added 

^-Hydro.’cy- 
butyrio ncid 
added 

Per cent 
recovery 

P-Hydroxy- 
butyric acid 
added 

Per cent 
recovery 

frtff. 

ntg. 


mg. 

mg. 


0 

0.083 

101 

0 

0.083 

98 

0 

0.083 

99 

0 

0.083 

99 

0 

0.086 

97 

0 

0.086 

104 

0 

0.086 

104 

0 

0.086 

103 

1.0 

0.089 

90 

1.0 

0.083 

98 

2.0 

0.089 

88 

2.0 

0.083 

94 

3.0 

0.089 

81 

3.0 

0.083 

96 

4.0 

0.089 

78 

3.0 

0.089 

98 




4.0 

0.083 

84 




4.0 

0.086 

90 




4.0 

0.086 

85 


of this sugar corresponding to 300 mg. per cent in blood (3 mg. 
per 10 ml. of filtrate). The addition of 0.5 ml. of 5 per cent 
dichromate to the reflux flask gives the concentration recom- 
mended by Van Slyke, which as shown in Table I is insufiicient to 
abolish the glucose effect even at normal blood sugar levels. 
Decreased recovery in the presence of glucose appears to be due 
to reduction of the dichromate before complete oxidation of the 
/3-hydroxybutyric acid has occurred. Too great an increase 
in dichromate leads to more rapid /3-hydroxybutyric acid oxidation 
at low glucose levels and a decrease in the amount of precipitate 
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formed. The use of 1 ml. of 5 per cent dichromate at blood 
sugar levels below 300 mg. per cent and removal of glucose at 
higher levels removes interference by this sugar and simplifies 
the procedure. 

Blank determinations on distilled water should show no pre- 
cipitate greater than the error of the method, which for low con- 
centrations of acetone bodies is about 0.1 mg. per 100 ml. of blood. 
The mean of ten blank runs is 0.0037 mg. of mercury, standard 
deviation 0.002; this is equivalent to 0.06 mg. of ^-hydroxy- 
butyric acid per 100 ml. of blood. 

The mercury equivalent of /S-hydroxybutyric acid was deter- 
mined on samples of the calcium zinc salt prepared by the author 
according to the method of Shaffer and Marriott (5). One lot 
of sodixim salt from which the calcium zinc salt was made was 
prepared by the author by reduction of ethyl acetoacetate with 
sodium amalgam; another lot of sodium salt was made available 
by the courtesy of Dr. D. L. Tabem. Dr. T. E. Friedemann 
kindly sent the author several gm. of calcium zinc salt which 
was also used to check the mercury equivalent. These three 
preparations of calcium zinc salt all had the same mercury equiva- 
lent within the limits of experimental error. The mean of twenty 
determinations of mercury equivalent that were made in Chicago 
is 6.36 with a standard error of 0.08. The mean of twenty-five 
determinations made in Memphis is 6.62, standard error 0.047. 
The mean of all determinations is 6.45, standard error 0.067. 
The author has for convenience used 6.5 as the amount of mercmy 
present in the precipitate from 1 part of ^-hydroxybutyric acid 
(mercmy equivalent), since this is a more convenient figure than 
the actual mean and one which is equally probable according to 
statistical analysis of the data. On the basis of Van Slyke’s 
data (1) the mercury equivalent of ^-hydroxybutyric acid can 
be calculated as 6.49. 

The mean mercury equivalent of acetone was found to be 14.8, 
standard error 0.5, in eight determinations. The equivalent of 
acetone as calculated from Van Slyke’s data (1) is 15.4. A con- 
venient figure for use is 15.0, since this is statistically as prob- 
able as 14.8. 

In Table II are presented data from experiments in which 
/3-hydroxjhutyric acid was added to whole blood as a solution 
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of the calcium zinc salt, and the amount recoverable in the protein- 
free filtrate determined. The proteins were precipitated either 
by mercuric sulfate or zinc hydroxide. The recovery is satis- 
factory in both types of filtrate. 


Table II 


Recovery of p-Hydroxyhulyric Acid from Blood after Addition of Known 
Amounts in the Form of the Calcium Zinc Salt 


Sample 

No, 

Added 

Found 

Uccovorcd 

Per cent 
recovery 

RemarJa 


me. per ml. 

mg. per ml. 

mg. per ml. 



1 

0 

0.0115 

\ 0.0103 



Proteins pptd. by 


0 

0.0092 



mercuric sulfate 


0.0817 

0.0936 


0.0833 

101.9 



0.0817 

0.0898 


0.0795 

97.4 



0.0817 

0.0881 


0.0778 

95.1 



0.0817 

0.0936 


0.0833 

101.9 


2 

0 

0.00531 




Proteins pptd. by 


0 

0.0086 

• 0.0075 



mercuric sulfate 


0 

0.0086J 






0.0817 

0.0857 


0.0782 

95.7 



0.0817 

0.0869 


0.0812 

99.3 



0.0817 

0.0844 


0.0769 

94.1 



0.0817 

0.0850 


0.0775 

94.8 


3 

0 

0.00981 

0,0092 



Proteins pptd. by 


0 

o.oosoj 



zinc hydroxide 


0.0475 

0.0565 


0.0473 

99.5 



0.0475 

0.0550 


0.0458 

96.4 



0.0794 

0.0865 


0.0773 

97.9 



0.0794 

0.0890 


0.0798 

100.8 


4 

0 

0.00641 

0.0070 



Proteins pptd. by 


0 

0.0076] 



zinc hydroxide 


0.0408 

0.0471 


0,0401 

98.5 



0.0817 

0.0862 


0.0792 

96.8 



Barnes and Wick (4) have suggested that the composition of 
the Denigfes's precipitate may vary when the concentration of 
acetone bodies is low, although they present no evidence for tins 
view. The tables of Van Slyke (1) show no such variation and 
the concentrations of acetone used by him covered a wide range. 
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the lowest being but twice as high as that commoiily present in 
the present method when applied to normal blood. However, 
this question has been reinvestigated by determining the recovery 
of /3-hydroxybutyric acid from pure solutions at various con- 
centrations; the results are given in Table III. It will be noted 
that at the lowest concentrations (0.01 and 0.015 mg., which 
correspond to 1.0 and 1.5 mg. per 100 ml. of blood) the recovery 
is actually somewhat low, ranging from 85 to 92 per cent. With 

Table III 


Recovery oj p-Hydroxybulyric Acid al Various Conceniralions 
(Pure Solutions) 


Added 

Hg found 

P-Hydrcrybutyric 
add foimd 

1 

; Per cent recorery 

i 

mg. 

mg. 

I rng- 

1 

0.010 

0.055 

1 0.0085 

1 85 

0.010 

0.060 

[ 0.0092 

1 92 

0.015 

0.089 

: 0.0137 

1 91 

0.015 

0.086 

1 0.0133 

i 89 

0.020 

0.128 

j 0.0197 

99 

0.020 

0.135 

0.0208 

101 

0.030 

0.187 

0.0288 

96 

0.030 

0.190 

0.0292 

97 

0.010 

0.261 

0.0106 

102 

0.010 


0.0378 

95 

0.050 


0.0502 

100 

0.050 


0.0511 

102 

0.100 

0.665 ' 

0.1022 

102 

0.100 

0.651 

0.1007 1 

101 

0.100 

0.620 

0.0955 i 

96 

0.100 

0.630 

0.0970 1 

97 

O.ax) 

1.25 

0.193 * 

97 

0.200 

1.21 

0.191 

96 


higher concentrations, up to 0.20 mg. corresponding to 20 mg. 
per cent in blood, the recovery is within 5 per cent of the expected 
value. It is possible that the somewhat low recoveries at gmgP 
concentrations are due to changes in the composition of the pre- 
cipitate; it is equally possible that they are due to a slight degree 
of solubility of the precipitate, and in this case the error would 
also appear in the method of Barnes and Wick. These authors 
do not present data on recovery at such low concentrations. 
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Other factors that may affect the accuracy of the method are 
the conditions under which the solution is refluxed and the pres- 
ence of interfering ions. It is necessary to emphasize the need 
for smooth boiling and avoidance of excessive heat on the sides 
of the flask. Small amounts of chloride or oxalate ions will 
increase the intensity of the color. These will be absent if all 
glassware is kept scrupulously clean. The sulfate ion is a con- 
stituent of the Denigfes’s precipitate, there being a ratio of 1:0.18 
between mercury and sulfate. Sulfate added in excess of this 
proportion to the solutions used in obtaining the standard curve 
does not change the photelometer reading and it is therefore 
concluded that the amount of sulfate ion liberated -when the 
precipitate is dissolved will not be an interfering factor. Traces 
of zinc, lead, copper, barium, ammonium, or phosphate ions do 
not afl^ect the color. 

The rate of fading increases with increasing concentration of 
nitric acid. It has therefore been necessary to limit the amount 
of nitric acid used to that which is adequate to dissolve the pre- 
cipitate. Under the conditions given and with fresh reagents 
a solution containing no mercury faded in 30 minutes by an 
amount corresponding to 0.14 mg. of /3-hydroxybutyric acid 
per 100 ml. of blood. A solution containing 0.6 mg. of mercury 
faded inappreciably in 30 minutes. The rate of fading appears 
to increase in some cases with increasing age of the reagents and 
should therefore be checked occasionally. 

It is obvious that the photometric determination of color de- 
pression by the mercuric ion is applicable to the determination 
of mercury from any source if the mercury can be obtained in 
solution substantially free of interfering ions. No specific recom- 
mendations need be made, since each source of mercury will 
present its own problems, but it may be pointed out that when 
the mercury can be split off by refluxing with boiling nitric acid, 
the mercury content of organic compounds may be readily deter- 
mined by this method. 

In Table IV are presented values for blood acetone bodies 
found at various periods after the last meal in dog and man. 
The non-fasting values are much low^er than those reported by 
Van Slyke and Fitz (6) who found 2.2 to 4.6 mg. per cent expressed 
as ^-hydroxybutyric acid. Barnes and Wick (4) report 0.5 to 
1.0 mg. per cent as acetone or about twice these figures as fi-hy- 
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droxybutyric acid. Hubbard (7), whose method while laborious 
appears capable of considerable accuracy, ^ves data which when 
recalculated in. terms of 0-hydroxybutyric acid yield values be- 
tween 0.4 and 2.0 mg. per cent. The present method then gives 
data for normal blood of dog and man that compare favorably 
ndth those of Hubbard and are slightly lower than those of Barnes 
and Wick, since the author’s range for many determinations 

Tabix IV 

Acetone Bodies {Expressed As p~Hydroxyhulyric Acid) in Blood of Man and 
Dog in Non-Fasting and Fasting Stales 


The values for dogs were determined from arterial blood samples, for 
man from venous samples. 



1 Hra. after Isat meal 

1 1 

Total acetone bodies i 

Acetone 4- diacetic 
add 


1 

per cent 

pe* cent 

Dog 1 

48 

0.8 



96 

1.0 



192 

1 3.1 


" 2 

48 

2.2 



96 

4.5 



192 

5.8 


“ 3 

18 

1.1 


“ 4 

18 

1.3 i 



72 

2.4 



120 

4.0 


" 5 

18 

0.7 


Man 1 

16 

0.8 



40 

24.8 i 

7.1 


64 

60.5 

23.8 

>' 2 

16 

0.6 j 



40 1 

2.5 

0.7 


64 

' 

36.8 j 

12.6 


is from 0.4 to 1.5 mg. per cent. It is interesting to note that the 
acetone bodies reach much higher values during fasting in the 
human than in the dog, which correlates with the lesser ketonuria 
of the latter species. 

BinUilABT 

A method is described for acetone bodies in blood which depends 
upon the formation of the Denighs's precipitate under conditions 
essentially those used by Van Slyke, isolation of the precipitate. 
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and determination of the mercury content of the precipitate by 
means of the specific interference of mercury wdth the color formed 
when thiocyanate is added to an excess of ferric nitrate. It is 
believed that the method may be useful in the determination 
of mercury in other materials when interfering ions (especially 
chloride, sulfate, and oxalate) can be excluded. As described, 
the method is believed to be accurate within ±5 per cent for 
the concentration of acetone bodies encountered in ketosis and 
within somewhat larger limits for the amounts present in normal 
blood. 
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Chlorophyllase is a relatively specific esterase concerned with 
the phytyl ester linkage in chlorophyll. It is unusual because it 
operates in high concentrations of alcohol and acetone, and it is 
but slightly affected by many common inhibitors, but it can be 
inactivated by heat, and the reaction has been reversed, so that 
its enzymatic nature wiU be assumed here. With chlorophyll 
as substrate, there wUl be formed either the acid chlorophyllide 
or its simple alkyl derivative, depending upon the solvent em- 
ployed. 

Chlorophyll a, C32HsoNiMgO(COOCH3)(COOC~)Hs9),i vdth 
chlorophyllase yields (1) in EtOH, 25®, ethyl chlorophyllide a, 
(COOEt), and phytol, cioHjsOH; (2) in acetone, 25°, chlorophyl- 
lide a, {COOH), and phytol; (3) in water, 76°, chlorophyllide a 
and phytol. 

Ethyl chlorophyllides a and h are the "crystalline chlorophylls” 
first observed by Borodin (1) and explained in terms of chloro- 
phyllase by Willstatter and Stoll (2). The hydrolysis in hot 
water was discovered by B. E. Lesley and J. W. Shumate.* 

Mayer (3) has made several quantitative studies on chloro- 
phyll hydrolysis in acetone. With a purified enzyme meal, 
optimal conditions were pH 6.2, a 66 per cent acetone concentra- 
tion, and a temperature of 25°. The same optimal temperature 
was found (2) for ethanol, at an 80 per cent concentration. We 
are in general agreement with the above findings, which need little 
elaboration. With an active enzyme, the acetone concentration 
may be varied from 40 to 70 per cent with substantially equal 
rates of hydrolysis, but the alcohol optimum has narrower limits, 

> Only the italicized portion is repeated. The remainder is unchanged. 

s Of the California Packing Corporation. 

Sol 
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about 70 to 80 per cent being most effective. The water system 
for the fresh material has a definite optimum at 75°. It will be 
observed later that the rate at 50° is of comparable magnitude 
provided the leaf has previously been frozen. This indicates 
that accessibility of substrate to enzyme plays an important part 
in determining the extent of hydrolysis. 

Mayer successfully hydrolyzed chlorophyll, allomerized chloro- 
phyll, and pheophytin in acetone. He found chlorophyll a to 
be hydrolyzed faster than chlorophyll 5 by a factor of 1.8. By 
washing the leaf powder with water, the activity was lost, but it 
could be restored by addition of electrolytes. KCN had little 
effect on activity. Mayer also found great variation in the quan- 
tity of enzyme in various plants throughout the growing season. 

The purpose of this paper is to show that with different plants 
radically different results are obtained with these solvents. Thus 
chlorophyllase from figwort is highly active in 80 per cent ethanol, 
but inactive in hot water; from spinach, on the other hand, it is 
highly active at certain seasons in hot water, but very weak in 
ethanol. A considerable number of plants have been examined, 
of which the following have been studied in some detail: sunflower, 
Helianthus annicus; spinach, Spinacia oleracea; figwort, Scroplxu- 
laria calif ornica; cow-parsnip, Heracleum lanatum; wild oat, Avem 
faiua. 

Enzyme Sources — The plant tissue (fresh, frozen, or dried and 
powdered) was used directly for the greater part of the work. 
Extracts 'with water, buffer mixtures, dilute alcohol, and acetone 
were inactive. Powdered leaf meal after extraction with 80 per 
cent acetone usually retained 20 to 50 per cent of the activity of 
the original and was used for some studies. 

Highly active alcohol systems in plants are readily detected by 
formation of characteristic crystals of methyl or ethyl chloro- 
phyllide. A leaf section about 1 cm. X 0.5 cm, is cut into narrow 
strips 0.5 mm. ■wide and suspended in ethanol between a slide 
and cover-glass. It is allowed to stand in an atmosphere of 
alcohol (a Petri dish serves the purpose) for 24 hours, then dried 
at room temperature, and examined under the microscope, 
Scrophularia showed highest activity with typical greenish black 
triangular and hexagonal crystals. Spinach did not yield crystals 
probably because of the weakness of the system and possibly in 
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part because of other changes, oxidative in character. It was, 
however, possible to obtain crystals from spinach by addition of 
Scrophularia enzyme. 

The limitations of the crystal method are twofold. It cannot 
be convenientlj' made quantitative, and where the enzymie is 
weak, results are negative. 

Quantitative methods were derdsed, based on the insolubility 
of the chlorophyllide in petroleum ether. In the first method, 
80 per cent acetone leaf extracts were prepared, and an aliquot 
fractionated with petroleum ether and this solvent. By spectro- 
photometric measurement of the original, in acetone, and the 
portion which could not be transferred to petroleum ether, the 
percentage hydrolyzed could be calculated. Measurements were 
made at 6650, 6450, 6200, and 5950 A., corresponding roughly to 
the maxima for components a and h in aqueous acetone. 

It was of some interest that the values at 6450 A. were consis- 
i/sntly too low. This is because the absorption maximum for the 
phytol-free derivative is 30 to 50 A. further toward the red than 
the maximum for chlorophyll. Consequently, on the steep por- 
tion of the curve (6500 to 6300 A.), there is a very significant 
change, and calculations based on 6450 A. are therefore omitted 
from the average. 

In the second method, the pigments are partitioned between 
jietroleum ether and 80 per cent acetone. The latter is trans- 
ferred to diethyl ether. Both fractions are dried with anhydrous 
NajSOi, evaporated to dryness rmder reduced pressure, and saponi- 
fied with boUing saturated KOH-MeOH for 1 minute after the 
original color has returned. The pigments are then forced into 
25 cc. of ether by dropwise neutralization with concentrated HCl. 
Three extractions with ether insure completeness. The combined 
extracts in both series are then extracted four times with 5 per 
cent HCl, and four times with 12 per cent. The chlorin e and 
rhodin g so prepared are made to volume and the transmissions 
are measured at 6600 A. in the respective acid concentrations. 
This makes it possible to determine the rates at which chloro- 
phylls a and i are hydrolyzed in the natural mixtvue. 

The course of the reaction was always checked by testing the 
solutions in ether with respect to extraction of chlorophyllides 
with 22 per cent HCl, with 0.01 n NaOH in the case of the free 
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chlorophyllide, and both fractions, unaltered and hydrolyzed, were 
checked for allomerization by the phase test. Only in the case 
of the weak alcohol system in spinach, and at certain times with 
sunflowers, did the samples occasionally fail to respond positivelJ^ 
The variability of the enzyme systems in the three solvents is 
shown in Table I. 


Table I 


Per Cent Hydrolysis of Chlorophyll 


Leaf source 

Time 

Ethanol, in 24 hrs.* 

Acetone, in 24 hrs." 

Hot 
water, 
in 20 
min. 

Remarks 

Spinacia 

Mar. 

Trace 

80 

100 • 

From market 


May 

None 

10 

5 

tt tt 


Aug. 

tt 

20 

75 

tt tt 


Nov. 

68 in 27 hrs. 

58 in 27 hrs. 

31.5 

tt tt 

Helian- 

July 

75 

25 

50 

Manteca 

thus\ 

Oct. 

50 

90 

30 

tt 


Aug. 

90 


50 

Palo Alto 


Sept. 

75 

100 in 1 hr. 

100 

Ku : li 

Heracleum 

Mar. 

90 

100 

10 







Hills 


May 

58 in 2 hrs. 

71 in 2 hrs. 

20 

Berkeley 






Hills 

Scrophu- 


100 

25 

None 

Mature 

laria 

<< 

78 in 2 hrs. 

76 in 2 hrs. 

(( 

Mature, 






frozen 


Dec. 

60 “ 3 “ 

54 “ 3 “ 

it 

Young 

Avena 

Spring 

None 

None 

it 

At all stages 


Summer 



it 

of growth 


* Except where otherwise indicated, 
t From one lot of seed. 


Varietal differences possibly account for some of the spinach 
variations, but this factor is excluded from the other cases. The 
results suggest that two and possibly three different systems are 
involved, but this is not easily proved. The purified enzyme 
systems are much weaker, and the rate constant falls rather rapidly 
with time, so that the systems are not readily differentiated. 
Chlorophyll forms part of a pigment-protein complex, chloro- 
plastin (4), in the leaf. While the primary effect of all three 
solvents must be to denature the chloroplastin, the organic solvents 
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also cause a disintegration of the plastids, whereas the hot water 
does not. We have elsewhere (5) disagreed with the ^dew that 
hot water ruptures the chloroplasts. The system functioning in 
hot water in all probability therefore attacks a denatured chloro- 
plastin, whereas the acetone and alcohol systems attack an ex- 
tracted chlorophyll. This may be considered proved by the 
fact that the substrate can be extracted in ethanol or acetone 
and recombined with the enzyme to undergo hydrolysis. In the 
former instance, the erddence is less certain. Anson (6) con- 
siders the chlorophyll-protein complex isolated with digitalin to 
be denatured. Its absorption agrees ndth that of the leaf treated 
with hot w’ater, maximum 6750 A.; cf. 6820 A. for the living leaf. 
The eiddence that chlorophyll goes into solution in the lipid 


Table II 

Efect of Freezing and Drying on Enzyme Aclivily 


Source 

Ss'stem 

1 

Per cent 

hydfolj’iis 

Troatment 

Sunflower 

Acetone (2 hrs.) 

79 

Fresh 



81 

Frozen 



27 

Dried 

Heracleum 

Water, 75° (20 min.) 

5 

Fresh 



20 

Frozen 

Spinach 

“ 75° 

95 

Fresh 


" 50° 

10 

tt 


“ 50° 

90 

Frozen 


fraction of the plastid is becoming therefore increasingly a matter 
of supposition. 

Inactivation temperatures are different, but here again the 
problem of accessibility of substrate to enzyme is involved, so 
that we have no conclusive answer, particularly in contrasts be- 
tween behavior in acetone and in alcohol. 

The effect of pretreatment of the leaf on enzyme activity is 
shown in Table II. 

Immersion of the leaf in boiling water for 1 minute is sufficient 
to destroy the water system. The acetone system shows com- 
parable sensitivity, but the alcohol system is more resistant in 
the case of fig^vort. This is probably because of the high ac- 
tivity of the enzyme in this plant, particularly in the spring. 
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Ethyl chlorophyllide crystals may be obtained from leaves after 
a pretreatment of 5 minutes at 100°. As this leaf contains no 
water system, there is no hydrolysis prior to placing the leaf in 
alcohol. Addition of electrolytes is necessary to demonstrate 
activity after longer periods, and 10 minutes usually suffice for 
complete inactivation regardless of subsequent additions. 

Formaldehyde, KCN, and NaF had little effect on the activity 
of the Scrophularia enzyme in alcohol, but Hg(N 03)2 caused 
complete inactivation in a concentration roughly 0.1 per cent. 

Rates of Reaction — Willstatter and Stoll (2) indicate, in spite 
of a certain falling in the values of the rate constant with time, 
that the reaction is of the first order. However, even with their 
own data ((2) p. 186) there is little to choose between first and 
second order rate constants. They observed (7) that hydrolysis 
obeyed Schutz’s rule. With a constant quantity of enzyme, in 
any given experiment, we have found a remarkably constant 
value for k in the expression, x — k \/i, up to values of x (tlie 
amount hydrolyzed in time t) of well over 60 per cent. The con- 
clusion is drawn (8) that in such cases the reaction velocity is 
not only proportional to the substrate concentration existing at 
the time, but is also inversely proportional to the quantity already 
transformed. The reaction does not take place in homogeneous 
solution, and there is marked reduction in activity on purifica- 
tion, so that there is at present too much uncertainty in the appli- 
cation of the Michaelis-Menten equation to our data. 

In Table III, the enzyme has been permitted to work on its 
own native substrate in situ in the leaf or leaf powder. The re- 
sults with figwort show that chlorophyll a is hydrolyzed more 
rapidly than chlorophyll b, by 10 to 20 per cent in ethanol, by 
20 to 50 per cent in the case of acetone. The constant h is based 
on the usual first order reaction equation (t in hours, logarithm 
to the base c) ; inasmuch as the natural substrates were used and 
only relative concentrations determined for most of the data, h 
which has dimensions of 1/c was calculated upon the arbitrary 
assignment of 100 for c, the concentration. The k from Schutz’s 
rule is similarly defined, in terms of x on a percentage basis, with 
t in hours. The chlorophyll mixture %vas determined in the case of 
Heracleum and spinach, while with figwort, the two components 
were measured separately, as already described. 
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Attempts at purification have so far always reduced enzyme 
actmty. A pigment-free enzyme meal was obtained by washing 
frozen, ground figwort with acetone. To equal quantities of the 
meal were added pure chlorophylls a and b, in acetone (about 
200 mg. per liter). This was then made to 70 per cent acetone 
with an aqueous leaf extract to serve as a source of electroljdes. 
After 12 hours, 70 per cent of the chlorophyll a Avas hydrolyzed, 

Table III 


Rate Constanta for Chlorophyllaae Aclimly 


Source 

Time 

Hydrolysis 

(cUorophyll 

u-h6) 

ixX 10» 

I0> 

k (SchQti) 


min. 

per cent 




i 


HeTachnm, 

15 

12.5 

534 

5.71 

25 

dried, in 

30 

17.5 

383 

4.24 

24.7 

ethanol 

60 

25 


288 

3.33 

25 


90 

31 


247 

3.00 

25.3 

Spinacia, fresh, 

, 1 

50 


41,600 

600 

387 

in water, 75° 

3 

75 

27,700 

600 

335 


5 

80 

19,300 

480 

314 


10 

85 

11,400 

340 

208 



0 

1 

h ' 

a 

1 

b 


O 

j b 

Serophularia, 

15 

34 

30 ! 

1680 

1417 

1 

68 

60 

frozen, in 

30 

52 

44.5 

1473 

1178 


73.5 

62.8 

ethanol 

60 

64 

57 

1023 f 

846 


64 

57 


120 

78 

66.5 

754 1 

547 


55 

47 

Serophularia, 

30 

47 

31 

1270 

743 


66 

43.8 

frozen, in 

60 

64 

44 

1023 

580 


64 

44 

acetone 

120 

76 

60 

715 1 

459 


53.6 

42.3 


240 

85.5 

73 

482 

327 


42.8 

36.5 


38.6 per cent of the chlorophyll 5, a ratio of 1.81:1, identical with 
Mayer’s values (3). 


SUMMARY 

Chlorophyll may be enzymatically hydrolyzed in three solvents, 
for which optimal conditions in a period varying from some 
minutes to 24 hours are as follows; ethanol, 80 per cent, 25°; 
acetone, 40 to 70 per cent, 25°; water, 75°. Virtually no activity 
is found with wild oats; spinach shows at times high actmty in 
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water, but little in acetone or alcohol; figwort shows extremely 
high activity in alcohol, but none in water; numerous other plants 
investigated show intermediate activities. The enzyme is diffi- 
cult to extract, and best results with enz3Tne meal indicate at 
least a 50 per cent reduction in activity. 

The evidence indicates that the enzyme acts on chlorophyll in 
the case of 80 per cent alcohol, whereas in the water system, the 
chlorophyll is still within the plastid, and may be merely a de- 
natured chloroplastin. The acetone shows some inconsistencies, 
and it is difficult to determine whether the upper limit for acetone 
(70 per cent or more) is in effect the system operating in alcohol, 
and the lower limit (30 to 40 per cent) caused by the water system. 
The acetone system in sunflowers particularly requires further 
investigation in this respect. At certain seasons, spinach may 
show no hydrolysis in ethanol, and yet be completely hydrolyzed 
in hot water in 20 minutes ; the reverse is true for figwort. Spinach 
contains no natural inhibitor, as crystal formation could readily 
be induced with figwort enzyme meal. 

Much of the variability in all instances must be due to the inac- 
cessibility of the chlorophyllase to the substrate, and the unusual 
conditions under which the enzyme operates must be, in large 
measure, conditions which render the substrate accessible. 

The preparation of pure chlorophyll with intact phytol re- 
quires us to take cognizance of a system capable of hydrolyzing 
80 per cent of the chlorophyll in a sunflower leaf in half an hour, 
in acetone. 

The reaction constants for first and second order equations show 
marked falling off with time. The constant based on Schiitz’s 
rule, however, shows much less variation. 
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In general the vitamin content of tissues (combined or un- 
combined) decreases during vitamin deficiency. Thus Ochoa and 
Peters (1) found that cocarboxylase decreased in tissues of pigeons 
fed diets deficient in vdtamin Bi. Axelrod and Elvehjem (2, 3) 
reported a diminution in the coz 3 raiase content of liver and muscle 
of dogs and pigs fed nicotinic acid-deficient rations. No effect, 
however, was noted in the coenz 3 rme content of brain, kidney 
cortex, or blood. Vilter et al. (4) and Kohn (5) have shown a 
decrease in the factor V (coenzyme I + coenzyme 11) content of 
the blood of pellagrins which could be remedied by administration 
of nicotinic acid. A similar decrease in the flavin and flavin- 
adenine dinucleotide content of tissues from rats fed diets deficient 
in riboflavin has been reported by Axelrod, Sober, and Elvehjem 
(6) and by Ochoa and Rossiter (7). 

The recent demonstration of the essential nature of pantothenic 
acid for the chick (8, 9) makes it of interest to determine to what 
extent such diminutions in the pantothenic acid content of chick 
tissues occur on diets deficient in this substance. The following 
investigation was made for this purpose. 

EXPERIMENTAn 

Day-old white Leghorn chicks were fed a commercial starting 
diet for 5 days. They were then placed in two separate brooders. 
Group 1 (twenty-two chicks, average weight 59 gm.) was fed the 
heated (pantothemc acid-deficient) diet of Jukes (10); Group 2 
(fifteen chicks, average weight 57 gm.) was fed the same ration 
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supplemented with a pantothenic acid concentrate from liver. 
This preparation had a “potency” (11) of 600, and was fed at a 
level of 30 mg. per 100 gm. of diet. Jukes (12) found this level 
necessary for a maximum rate of growth for chicks on this diet 
(assay of a commercial starting mash showed a pantothenic acid 
content about 1.3 times this high). Individual weight records 
were kept of all chicks. Differences in the average weight of 
members of the two groups became apparent from the first weigh- 
ing (after 3 days) on; after 19 days chicks on the deficient diet 
averaged 85 gm., those on the sufficient diet averaged 165 gm. 
Symptoms (scabbed beaks and eyes, cracked feet) were moderate 
to severe in the deficient group. Several chicks from each group 
were killed and portions of the brain and spinal cord analyzed 
for pantothenic acid. After a further 7 days, the remaining 
chicks on the deficient diet averaged 99 gm. and showed severe 
symptoms; those on the sufficient diet averaged 216 gm. and 
appeared normal. Another set of checks from each group was 
sacrificed at this time, and analyses made for the pantothenic 
acid content of leg muscle, liver, kidney, and blood. 

Analytical Methods — Tissue samples were taken immediately 
after death; the tissues were weighed intact and then homogenized 
by the method described by Potter and Elvehjem (13). They 
were then suspended in 6 to 10 volumes of water and autolyzed 
under benzene for 24 hours at 37°. Autolysis has been shown 
(14) to liberate additional pantothenic acid from a “bound” water- 
insoluble form which occurs in tissues. After autolysis samples 
were steamed to remove the benzene; the coagulum was filtered 
out, washed, and the combined filtrates diluted to a suitable 
volume. Blood was collected in sufficient citrate to prevent 
coagulation; red cells were laked by diluting 10-fold with water 
and overlaying with ether for 6 hours; samples were then heated 
and filtered. 

The pantothenic acid content of ail extracts was determined 
by the yeast test method of Williams et al. (11, 15, 16), and by a 
modification of the bacterial test of Snell et al. (17, 18) which will 
form a separate communication from this laboratory. In both 
methods the growth response elicited by aliquots of the extract is 
compared with that obtained from a purified pantothenic acid 
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preparation of known potency. The comparison is made at differ- 
ent dosage levels; agreement of assay values at these different 
levels is an indication of the specificity of the test (c/. (19, 20)). 

Table I 


Comparison of the Pantothenic Acid Content of Chick Tissues As Determined 
by Yeast and Bacterial Methods 


Tissue 

Extract 
Essaj-ed 
equivalence 
in tissue 

Pantothenic acid 
found 

Pantothenic add 
per mg. tissue 

Yeast 


Yeast 

Lccldbccil- 
fas eatei < 


mg. 

mg, vntts 

mg, units 

mg. units 

snj. units 

Brain (sufficient diet) 

0.5 

0.27 

0.26 

0.54 

0.52 





0.60 



1.5 j 

1 

0.86 


0.57 


0.57 

0.55 




Brain (deficient diet) ] 

0.5 


0.13 

0.24 

0.26 


1.0 



0.20 



1.5 


0.30 


0.20 


2.0 

0.38 


0.19 



4.0 


0.84 


0.21 


0.21 

0.22 




Leg nauscle (sufficient 


0.20 


0.40 

0.34 

diet) 


0.30 

0.33 

0.30 

'0.33 



0.84 

0.64 

0.42 

0.32 

Average 

0.37 

0.33 




Leg muscle (deficient 

1.0 

0.07 

■M 

0.07 


diet) 

2.0 

0.10 


0.05 



4.0 

0.21 

■SI 

0.05 



8.0 





Averaee 




0.06 

0.12 



When this and other criteria are applied, the bacterial test appears 
more reliable for use with crude tissue extracts. Both tests give 
identical results when applied to purified preparations of panto- 
thenic acid. 
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Results 

Detailed results of assays by both methods on two tissues are 
given in Table I. The results shown in Tables II and III were 
similarly obtained; average values only are given to consen'e 


Table II 


Set 1. Pantothenic Acid Content of Chick Tissues 
{Mg. Units per Mg. of Tissue) 


Chick No.* 

1 

Weight when 
killed 

Brain 

Spinal cord 

Yeast ( 

Lactobacillus \ 
casei c 

Yeast 

Lactobacillus 

cosne 


Om. 1 


■■ 

■■I 

■■ 

27 (+) 


mSm 


mBm 

mBm 

28 (+) 


■hI 

mBm 



39 (+) 






26 (-) 

102 

0.21 

1 0.22 

0.37 

0.19 

29 (-) 

86 

0.30 

0.25 



37 (-) 

93 

0.24 

0.28 

j 


39 (-) 

55 

0.23 

0.30 

0.30 

[ 0.22 

46 (-) 

95 

0.20 

0.28 


I 


* (+) indicates a chick of the group on the sufficient diet; (— ) indicates 
a chick from the deficient group. 


Table III 

Set S. Pantothenic Acid Content of Chick Tissues 
{Mg. Units per Mg. of Tissue) 


Chick No.* 

Weight 

when 

lulled 

Liver 

Kidney 

Leg muscle 

Blood 

Yeast 

Lacto- 
bacillus 
casei t 

Yeast 

Lacto- 

bacillus 

1 casei e 

Yeast 

Lacto- 
bacillus 1 
casei t 

Yeast 

Laeto- 
bacillus 
casei t 

■■i 

gm» 

■i 

■i 


WB 

■■■ 

■i 


ll 


209 


wm 

0.75 





mm 

mmSm 

223 


111 

0.57 

wm 


wm 




212 

im 

1.19 

0.56 

in 

0.35 



IB 

49 (+) 1 

207 

0.93 

0.89 

0.76 

0.88 

0.37 

0.33 


1 

\32 (-) 

• 73 

0.24 

0.49 

0.38 

0.65 

0.09 

0.11 


0.0011 

41 (-) 

101 

0.31 

0.62 

0.33 

0.54 

0.07 

0.11 



43 (-) 

95 

0.37 

0.66 

0.40 

0.50 

0.06 

0.12 


0.0010 

49 (-) 

75 

0.23 

0.75 

0.33 

0.59 

0.05 

0.12 

0.000] 

0.0012 


* (+) indicates a chick of the group on the sufficient diet; (— ) indicates 
a chick of the deficient group. 
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space. In Table W tbe pantothenic acid contents of tissues from 
chicks on deficient and sufiacient diets have been pooled, averaged, 
and compared vrith one another on the basis of “mg. umts” (11) 
per mg. of tissue, and mg. units per entire tissue. The former 
procedure minimizes the actual difference between groups; this is 
emphasized by the latter method. 

Tabix IV 

Pantothenic Acid Content of Chick Tissues; Collected Results 
All figures for the pantothenic acid content of tissues were calculated 
from data secured by the bacterial {Lactobacillus casei t) method. 



Diet* 

Liver 

1 Edney 

Leg 

1 moscle 

j Blood 

Br&in 

Spinal 

cord 

No. of chicks assayed 

+ 

4 

1 ^ 

1 ^ 

1 3 

3 

2 


— 

4 

1 4 

4 

3 

5 

2 

Average weight of 


213 

213 

213 

215 

157 

162 

chicks assayed, gm. 

— 

i 86 

86 

86 

81 

86 

78 

Average weight of tis- 

1 -t* 

6.38 

2.80 

4.66 


1.68 

0.38 

sues assayed, gm. 

— 

1 2.77 

1.04 

1.16 


1.41 

0.27 

Average pantothenic 

+ 

1.02 

0.83 

0.28 

0.0041 

0.58 

0.68 

acid content per mg. 
tissue, mg. units 



0.57 

0.115 

0.0011 

0.27 

0.21 

Pantothenic acid con- 

+ 


2325 

1300 


975 

260 

tent per average 
complete tissue, mg. 
units 


1750 

595 

133 


380 

57 


* The plus sign indicates that chicks on the sufficient diet were used; 
the minus sign, those on the deficient diet. 


DISCUSSION 

Both assay methods agree in showing that in eveiy tissue tested 
from chicks raised on the deficient diet the pantothenic acid 
content was markedly lower than in the corresponding tissue 
from chicks fed the supplemented diet. 

Because of its greater reliability with crude extracts, results 
secured by the bacterial assay have been used in calculating the 
data in Table IV. Examination of these data shows that defi- 
cient tissues contained from 27 ^ilood) to 68 per cent (kidney) 
as much pantothenic acid as the normal tissues per gm. On the 
basis of total weight of tissues produced, deficient tissues con- 
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tained from 10 (leg muscle) to 38 per cent (brain) as much panto- 
thenic acid as the control tissues. The low content (31 per cent 
of normal) in spinal cord from deficient chicks is interesting in 
view of the findings of Phillips and Engel (21) that specific lesions 
appear in this tissue in the absence of pantothenic acid which 
can be prevented by its addition to the diet. 

We wish to express our thanks to Dr. T. H. Jukes for kindly 
providing us with a supply of his heated ration, and to the Eocke- 
feller Foundation for grants in support of the investigation. 

SUMMAKY 

Assays of tissues from chicks grown on diets deficient and suffi- 
cient in pantothenic acid by both yeast and bacterial methods 
show that in the deficient state the tissues contain only 30 to 70 
per cent as much pantothenic acid per gm. as corresponding tissues 
from “sufficient” chicks. Since deficient chicks are much smaller 
than normal, the absolute pantothenic acid content of entire 
tissues of the deficient chicks is only 10 to 40 per cent that of 
normal tissues. 
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THE ISOLATION OF a-DIHYDROTHEELIN FROM 
HUMAN PLACENTA 


Bt max N. HUFFMAN, SIDNEY A. THAYER, aud 
EDWARD A. DOISY 

(From the Laboratory of Biological Chemistry, St. Louis University School 
of Medicine, St. Louis) 

(Received for publication, February 16, 1940) 

Subsequent to Fellner’s (1912) pioneer research showing that 
injection of lipid extracts of human placenta produces growth in 
the rabbit uterus, several investigators (Frank and Rosenbloom, 
1915; Giesy, 1920; Frank, Gustavson, et al., 1926) studied the 
purification of the hormone of the placenta. Progress in the 
purification was facilitated by the introduction of the vaginal 
smear method of assay by Allen and Doisy (1923), and in a short 
time Laqueur et al. (1927) obtained excellent estrogenic prepa- 
rations from placenta. 

Following the discovery of the high concentration of estrogens 
in the urine of pregnant women (Aschheim and Zondek, 1927), 
the work on placenta languished, and it was not until 1931 that 
Browne, working with CoUip, isolated the first crystalline es- 
trogenic compoimd from placenta. This compound was later 
found to be identical with tbeelol (Butenandt and Browne, 1933) 
which had previously been isolated from urine (Marxian, 1930; 
Doisy et al., 1930). CoUip and coworkers (1930) reported the 
presence of a water-soluble ether-insoluble substance (emmenin) 
in placenta, but this constituent has never been actuaUy identi- 
fied. However, there is reason for believing that it may be a 
glucuronide of theelol (Cohen and Marrian, 1936). 

In 1938, Westerfeld, MacCorquodale, Thayer, and Doisy 
separated the non-ketonic from the ketonic estrogens of hrunan 
placenta and showed that the latter is mainly, if not entirely, 
theelin. The present work consists of a study of the non-ketonic 
fraction obtained in the previous work. 
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EXPERIMENTAL 

The extraction of 422 kilos of human placenta, purification of 
the extract, and the separation of the’ ketonic fraction have been 
described by Westerfeld et al. (1938). The non-ketonic fraction 
weighing 1.983 gm. was a dark red oil containing some crystals. 
Since this material was so valuable, because so much labor had 
been involved in its preparation, it was divided into two equal 
portions for purification. However, the processes worked so well 
that no difficulty was encountered in isolating and identifying 
dihydrotheelin in the 0.992 gm. used. 

The flow sheet gives the procedure followed to separate the 
dihydrotheelin from most of the contaminating substances. 
According to Dr. Alan Mather (unpublished work) the separation 
of theelol from dihydrotheelin by distribution between benzene 
and 0.3 M sodium carbonate is almost quantitative, the former 

0.992 gm. non-ketonic material 


Partitioned between 500 cc. 0.3 m 
NajCOs and 600 cc. benzene 


Carbonate Benzene 

Extracted with 
500 cc, benzene 


Carbonate (theelol) Benzene . ,, I ... 

I United benzene solutions 

* > Extracted four times with 

200 cc. portions n NaOH 


Alkali Benzene discarded 

Made acid to Congo red with 
concentrated HCl 
Extracted twice with 500 cc. 
portions of ethyl ether 


Ether Aqueous layer discarded 

Extracted once with 300 cc. 

0.3 M NajCOj; twice with 
100 cc. portions of water 


Aqueous layers discarded 


Ether-distilled; weight 264 mg. 
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passing almost entirely into the aqueous phase. Assuming that 
only these two estrogens were present, the assays of the two 
fractions indicated the presence of 30 mg. of theelol and 8 mg. of 
dihydrotheelin. 

Isolation of a-Dihydrotheelin— The 264 mg. of material con- 
taining the dihydrotheelin were dissolved in a mixture of 30 cc. 
of 7j-butyl alcohol and 150 cc. of petroleum ether (b.p. 30-60°). 
This solution was extracted ten times with 40 cc. portions of 
0.25 N NaOH. Hydrochloric acid was used to acidify the solu- 
tion, which was then extracted twice with ether. The ether was 
washed twice with 0.3 u NajCOj and twice with water. After 
the combined carbonate and water layers had been united, they 
were extracted once with ether, which was then washed with 
carbonate and water. The ether solutions were combined and 
distilled to dryness, yielding a semicrystalline residue. 

The semicrystalline material was dissolved in 100 cc. of 0.25 x 
NaOH, the alkalinity adjusted with HCl until the solution was 
just red to phenolphthalein, and the alkaline solution approxi- 
mately saturated with solid NaCl. A series of ten extractions 
with 50 cc. portions of ether was employed to regain the estrogen; 
then the ether was thoroughly vrashed with water and distilled. 

The residue from the ether distillation was partitioned between 
toluene and 0.3 u NasCOj; the toluene layer was then treated in 
the same fashion as the benzene, as given in the flow chart. The 
yield was 23 mg. of a glassy, yellowish brown material which, 
according to the assay, contained 5 mg. of dihydrotheelin. 

The crude estrogen was naphthoylated by the method pre- 
viously described by MacCorquodale, Thayer, and Doisy (1936), 
and the crude naphthoate crystallized from 95 per cent alcohol. 
Altogether, two treatments with norit, three recrystaUizations 
from alcohol, and two recrystallizations from acetone were em- 
ployed to purify the di-a-naphthoate. In spite of this lengthy 
purification, 6.80 mg. (= 3.08 mg. of dihydrotheelin) of the pure 
a-dihydrotheelin di-a-naphthoate were obtained. The melting 
point was 194-195° (corrected), a mixed melting point with 
authentic a-dihydrotheelin di-a-naphthoate (m.p. 197-197.5°, 
corrected) being 195-196° (corrected). 

Microcombustion Analysis — C4oH3eOi 

Calculated, C 82.72, H 6.25; found, C 82.70, H 6.35 
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A portion of the a-dihydrotheelin di-a-naphthoate was hydro- 
lyzed with KOH in aqueous alcohol. The phenol was recovered 
and crystalhzed from aqueous alcohol after having been treated 
with a small amount of norit, m.p. 172-172.5° (corrected); a 
mixed melting point with authentic a-dihydrotheelin (m.p. 174- 
175.5°, corrected) was 174-175° (corrected). 

The a-dihydrotheelin isolated from placenta was assayed 
against the authentic specimen of a-dihydrotheelin with the 
precautions customarily observed in our work. Of twenty-four 
rats injected with 0.10 y of the placental product sixteen gave a 
positive response; seventeen of the twenty-four injected with 
authentic dihydrotheelin gave a positive response, 

SUMMARY 

1. Bioassay results on an extract of 422 kilos of human placenta 
show that the approximate quantities of estrogenic materials are 
theelol 0.14, theelin 0.035, and dihydrotheelin 0.038 mg. per kilo 
of tissue. 

2. A phenol which proved to be a-dihydrotheelin was isolated 
from the non-ketonic fraction of human placenta. 

We wish to express our thanks to Dr. W, W. Westerfeld for his 
donation of the non-ketonic fraction of the estrogens of 422 kilos 
of human placenta. We also desire to acknowledge financial 
assistance from the Theelin Fund administered by the Committee 
on Grants for Research of St. Louis University. 
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THE FAILURE OF INTRAVENOUSLY INJECTED FAT TO 
PRODUCE CHOLIC ACID IN THE DOG* 

Bt ROBERT W. VIRTUE and MILDRED E. DOSTER-VIRTUE 
(From the Department of Chemistry, University of Denver, Denver) 

(Received for publication, January 27, 1910) 

Whipple and his coworkers (1) reported several years ago that 
the taurocholic acid excretion of the dog was probably related to 
protein metabolism. These workers fasted bile fistula dogs and 
found a low taurocholic acid concentration in the bile, which 
decreased still more when carbohydrate was fed (2). This was 
attributed to a protein-sparing action of the carbohydrate, which 
made less protein available for bile acid sjmthesis by decreasing 
endogenous protein metabolism. Feeding high protein diets (3) 
caused a rise in bile salt output, as did alcohol-extracted meat. 
A high cholesterol diet, fed as egg yolk, failed to produce extra 
bile salt excretion. 

Jacobi, Zuckerman, and Kogut (4) have recently reviewed the 
literature with respect to bile excretion on carbohydrate, protein, 
or fat diets. Most of the experiments described measured only 
bile volumes. The experiments of Whipple (1-3) were the only 
ones in which bile salt excretion was determined. 

It is generally accepted that bile salts play a part in the ab- 
sorption of fat (5). If an animal has a bile fistula, it is ob^dous 
that the fats of its diet cannot be normally absorbed. Whipple’s 
experiments measuring the power of an animal to produce bile 
salts from high fat diets cannot be interpreted quantitatively, 
for no measure of the fat actually reaching the blood stream is 
available. To overcome this difficulty, injection of fat directly 

* Grateful acknowledgement is made for the aid of a grant from the 
Committee on Scientific Research, American Medical Association. 

A preliminary report of these studies was presented before the Thirty- 
fourth meeting of the American Society of Biological Chemists at New 
Orleans, March IS, 1940. 
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into the blood stream was undertaken. The experiments of 
Holt, Tidwell, and Scott (6) were used as a basis for our work. 

EXPERIMENTAL 

A feiv days after a female dog had undergone a bile fistula 
operation it was put on a starch diet. The starch was fed in 
suspension in water in three daily doses which were calculated to 
give it 50 calories per kilo per day. This amount was somewhat 
below a normal value but served to maintain it in good condition 
for the duration of the experiment. The urine and bile were 
collected at 24 hour intervals,, just before one of the feedings. 
After 4 days on the carbohydrate diet, it was put on a protein diet 
for 4 days. The protein consisted of casein in gelatin capsules in 
quantities sufficient to furnish 50 calories per kilo per day. Each 
capsule weighed 1 gm. and held 8 gm. of casein. 

When our preliminary experiments had proved successful, we 
carried out further experiments on pure foodstuffs on each of 
three bile fistula dogs. Each animal was put on a diet of starch 
for 3 days, then was kept on fat for 3 days, and finally was fed 
protein for 3 days. The urines were analyzed for total nitrogen 
(Kjeldahl) and the bile for cholic acid according to the method of 
Mellanby and Suffolk (7). The starch and protein were fed as in 
our preliminary experiment. The fat was prepared as follows: 
Equal quantities of commercial egg lecithin and olive oil were 
stirred in water to make a 7 per cent emulsion of fat. The mixture 
was then homogenized at 4000 pounds pressure. It was sterilized 
at 15 pounds pressure and made isotonic by adding 3 per cent of 
its volume of a sterile 30 per cent solution of sodium chloride 
just before injection. The fat particles averaged slightly less than 
1 micron in diameter. This fat suspension was injected intra- 
venously into the animals in amounts that afforded 50 calories per 
kilo per day. The daily administrations were divided into three 
injections each. The dogs lay very quietly without anesthetic 
while the fat suspensions were run into the small saphenous vein 
from a pressure bottle. Each injection required about 15 minutes. 

Results 

Table I presents the nitrogen output and cholic acid production 
of Dog 54 on the preliminary experiment, and of Dogs 54, 57, and 
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Table I 


Cholic Acid and Nitrogen Eliminated hy Bile Fistula Dogs Maintained on 
Diets of Pure Carbohydrate or Protein, or on Intravenously Injected Fat 


Dog 

No. 

Day of 
experi- 
ment 

Nitrogen 

Cholic 

acid 

BHe 

volume 

Food 

during previous 241ira. 

Weight 



pm. 

wp. 

cc. 

pm. 




54 

Start 







12.3 


1 

6.34 

1089 

159 

150 

Potato starch 



2 

3.53 

485 

100 

150 

tt 

“ 



3 

3.26 

383 

75 

150 

It 

tt 



4 

2.99 

340 

66 

150 

It 

tt 

11.6 


5 

14.22 


141 

150 

Protein 




6 

24.08 


181 

150 

It 




7 

24.16 

HI 

211 

150 

tt 




8 

Urine lost 


222 

150 

tt 


11.0 

54 

Start 







12.7 


1 

7.61 


225 

150 

Potato starch 



2 

3.98 


141 

150 

11 

tt 



3 

2.76 

372 

105 

150 

tt 

tt 

12.3 


4 

3.76 

211 


70 

Fat intravenously 



5 

3.30 

173 

112 

70 

tt 

tt 



6 

4.56 

36 

25 

70 

tt 

tt 

11.9 


7 

10.03 

395 


150 

Protein 




8 

21.02 

736 

181 

150 

(1 




9 

24.59 

1430 

286 

150 

II 


11.6 

57 

Start 







20.0 


1 

11.79 

2919 

104 

250 

Potato starch 



2 

6.86 

1932 

48 

250 

IC 

tt 



3 

8.42 

1613 

55 

250 

If 

tt 

19.0 


4 

11.80 

883 

53 

116 

Fat intravenoush' 



0 

6.08 

867 

52 

116 

tt 

tt 



6 

6.18 

350 

2S 

116 

tt 

tt 

18.4 


7 

9.97 

2486 

139 

250 

Protein 




8 

37.34 

4729 

187 

250 

f 1 




9 

34.91 

6092 

180 

250 

11 


17.9 

58 

Start 







14.5 


1 

4.12 

1627 

106 

175 

Potato starch 



2 

3.78 

1920 

90 

175 

II 

tt 



3 

3.32 

1511 

79 

175 

II 

It 

14.3 


4 

3.30 

1 Chewed balloon 

79 

Fat intravenously 



5 

3.07 

438 

78 

79 

It 

tt 



6 

4.05 

503 

85 

79 

II 

It 

14.2 


7 

20.57 

1841 

154 

175 

Protein 




8 

19.34 

3434 

192 

175 

II 



____ 

9 

27.62 

4521 

187 

175 

tt 


14.1 
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58 for the fat injection experiments. An examination of the 
figures for nitrogen elimination will show that the output dropped 
steadily when protein was not present in the diet. As might have 
been expected, the nitrogen excretion rose when rather large 
quantities of protein were fed. A lag period was noted both 
when protein was eliminated from the diet, and when a period of 
protein feeding was started. 

The values obtained after injection of fat indicate that no cholic 
acid production was stimulated by fat. To be certain that the 
dogs had utilized the injected fat, ether extracts were made of 
both the bile and urine of Dogs 57 and 58 following fat administra- 
tion and carbohydrate feeding. The residues left after evapora- 
tion of the ether were weighed. No more solids per cc. of bile were 
obtained after the fat injections than after carbohydrate feeding. 
As the volumes of bile after fat administration were smaller than 
those obtained after carbohydrate feeding, the total daily output 
of ether-soluble materials was less following injections of fat than 
on diets of carbohydrate. This indicates to us that no appreciable 
quantities of fat escaped utilization by way of bile or urine. 

Each time carbohydrate was fed, the cholic acid excretion 
diminished, which is in accord with Whipple’s results. When 
fat was administered for 3 days, immediately following the period 
of carbohydrate feeding, the cholic acid excretion diminished still 
more. This diminution was not due to a loss of ability of the dog 
to form cholic acid, for on the following days on which protein was 
fed the cholic acid output rose to values which were greater than 
those observed on the first days of the experiments. It will also 
be noted that while the volume of bile was small on the carbo- 
hydrate and fat regimes and large on the protein diet, the cholic 
acid elimination was not proportional to the volume of bile. 

DISCUSSION 

In the experiments described there was no elimination of fat 
either in bile or in urine. The fat was put directly into the blood 
stream. Gordon and Levine (8) have presented data which 
suggest that fat introduced by vein is promptly burned. The 
evidence seems to warrant the belief that there is high probability 
that fat introduced intravenously is utilized. This . apparent 
utilization of fat which definitely reached the blood stream is the 
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outstanding difference between our experiments and those of 
Whipple. Our results are quite in accord with his which were 
obtained by oral administration of fat. We must simpb-- further 
emphasize his conclusion; namely, that protein rather than fat or 
carboh 3 'drate is the material from which the body forms cholic 
acid. 

SUMMAKY 

Bile fistula dogs were maintained for consecutive 3 day periods 
on a carbohj^drate diet, on intravenouslj' injected fat emulsions, 
and on a protein diet. Each tjqje of food furnished 50 calories 
per kilo per day. The cholic acid excretion on the carhohj'drate 
and fat regimes decreased steadily, whereas on the protein diet it 
rose to high values. 

The authors wish to thank Dr. R. W. Whitehead of the Uni- 
versity of Colorado School of Medicine for his cooperation in mak- 
ing available facilities for carrjdng out these experiments. 
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THE PRESERVATION OF ASCORBIC ACID IN DRAWN 
SAMPLES OF BLOOD* 

Bt ROBERT J. KASSAN and JOSEPH H. ROE 

(From the Department of Biochemistry, School of Medicine, George 
Washington University, Washington) 

(Received for publication, December 29, 1939) 

In clinical or experimental studies of blood ascorbic acid, it is 
obviously important to maintain the ascorbic acid at its original 
level until analysis has been made. Pijoan, Townsend, and Wil- 
son (1) reported a loss of about one-half of the vitamin C of blood 
plasma when the latter stood for 90 minutes at room temperature. 
Pijoan and Klemperer (2) recommended the addition of 1 mg. of 
KCN per cc. of blood as a preservative of ascorbic acid. Fried- 
man, Rubin, and Kees (3) observed no loss in plasma ascorbic 
acid in 160 minutes at ice box temperature and reported the use 
of KCN to be unnecessary. Farmer and Abt (4) reported that 
KCN does not prevent loss of ascorbic acid in blood and that its 
use is objectionable, because it gives enhanced values owing to 
the decolorizing action of KCN upon 2,6-dicblorophenol indo- 
phenol. Cushman and Butler (5) observed a variation in the 
decolorization of indophenol by KCN, depending upon the lot of 
KCN used, the pH of the reaction, and the concentration of KCN. 
These authors found that the use of KCN in the amounts recom- 
mended by Pijoan and Klemperer does not necessarily invalidate 
the results, but that there is no advantage in its use. 

We have made studies of the stability of ascorbic acid in blood, 
using the method of Mindlin and Butler (6) for its determination. 
In agreement with Pijoan, Townsend, and Wilson (1) we foimd a 
steady decrease in the ascorbic acid of plasma removed from the 
red cells when allowed to stand at room temperature. We at- 
tempted to prevent this loss by the use of antioxidants which 

* Aided by a grant from the Committee on Scientific Research, Amer- 
ican Medical Association. 
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do not reduce indophenol, such as hydroxyquinoline, orcino! 
resorcinol, salicylic acid, and maleic acid, without success. We 
next turned our attention to a study of the natural preservative 
system in blood which prevents the oxidation of ascorbic acid. 

The presence in blood of substances that inhibit the catalytic 
oxidation of ascorbic acid has been reported by De Caro and 
Giani (7), Kellie and Zilva (8), and Barron, Barron, and 
Klemperer (9). 

mg,ascor.bic acid 
peMOO cc. plasma 



Fig. 1. Effect of erythrocytes on the stability of plasma ascorbic acid. 
Curves for Subjects I and II. 

In 1936 Roe and Barnum (10) reported the presence of a sub- 
stance in blood which reduces dehydroascorbic acid. Borsook, 
Davenport, Jeffreys, and Warner (11) observed an m vitro reduc- 
tion of dehydroascorbic acid by kidney, liver, and intestine, which 
they suggested was due to the action of glutathione. The data 
of Borsook et al, show a reduction of dehydroascorbic acid by 
plasma and whole blood, but these authors attribute this to a 
non-ascorbic acid indophenol-reducing substance and they deny 
the existence of a mechanism in blood for reducing dehydro- 
ascorbic acid. Schultze, Stotz, and King (12) observed an in 
vitro reduction of dehydroascorbic acid by suspensions of liver, 
muscle, small intestine, blood, and erythrocytes. These authors 



E-. J. Kassan and J. H. Roe 


581 


attribute the reduction of dehydroascorbic acid by tissues to the 
action of glutathione and fixed — SH compounds. 

In "siew of these reports showing an antioxidant mechanism for 
ascorbic acid in the blood, it seemed that an effective preser\'ation 
of the preexisting ascorbic acid of blood might be obtained by 
taking advantage of the natural protective substances present if 
optimum conditions were set up. Experiments such as are shown 
in Fig. 1 demonstrated this to be correct. In this e.xperiment two 
large samples of blood were collected and divided into two portions. 
One portion was centrifuged, the plasma was removed at once, 
and a control vitamin C determination was made. These por- 
tions of plasma were then allowed to stand at room temperature 
along with the undisturbed samples of whole blood. Sterile 
conditions were maintained throughout the e.xperiment. At 
intervals following the control determination, the \’itamin C was 
determined in the segregated plasma and in a sample of plasma 
obtained by centrifuging a portion of the whole blood just pre\*ious 
to the analysis. A comparison was thus obtained of the stability 
of ascorbic acid in plasma in the presence and absence of red cells. 
The curves show a steady loss of ascorbic acid in the segregated 
plasma and an effective protection of the vitamin in the plasma 
allowed to remain in contact with the red cells. 

In the experiment of Fig. 1 there was no change in the ascorbic 
acid content of plasma in contact with red cells in 8 hours. The 
preser\"ation of ascorbic acid varies, however, in different bloods. 
This is shown by the data of Table I, in which the ascorbic acid 
content of some blood plasmas in contact with their red cells 
remained practically constant for 24 hours at room temperature. 
In other experiments we found that the ascorbic acid content of 
plasma kept in contact with the red cells at a temperature of 
about 3° remained unchanged for 52 hours. 

The ascorbic acid values of blood senun that has been standing, 
expressed in mg. per 100 cc., are as follows; 



Ohr, 

1 hr. 

2 hrs. 

4 bra. 

6 hrs. 

Sample 1 

1 1.29 

1.05 

1.34 

0.99 

1.30 

0.99 

1.13 

0.89 

1.10 

0.74 

2 






582 


Ascorbic Acid Preservation in Blood 


In serum the ascorbic acid appears to keep for 1 to 2 hours, but 
thereafter it diminishes at a rate comparable to the losses in plasma 
separated from the red cells. 

Other experiments made it clear to us that it is very important 
to maintain the biological intaetness of the red cells. If a few 

Table I 

Data Showing Stability of Ascorbic Acid in Blood Plasmas Allowed lo Slani 
in Contact with Their Red Cells 


As anticoagulant, either 1 drop of 20 per cent potassium oxalate per 
5 cc. or 1 drop of 30 per cent" sodium citrate per 5 cc. was used. 


Sample 

No. 

Container and anticoagulant 

Ascorbic acid per 100 cc. plasma 
after standing 





Ohr. 

12 hra. 








niff. 

mg. 

n;. 

1 

Non-Pyrex glass, 

Na citrate 

0.82 


0.75 

0.65 

2 

<t it 


ft tt 

1.12 


0.72 


3 

tt it 


K oxalate 

1.12 


0.77 

0.6T 

4 

if a 



0.89 


0.42 

0.29 

5 

Pyrex glass, Na citrate 

0.62 


0.64 

0.56 

6 

it ({ tt 


tt 

1.24 


1.10 

I. or 

7 

Paraffin-lined tube, K oxalate 

0.93 

0.91 



8 

it 

it 

tt if 

0.14 

0.14 



9 

tt 

it 

tt tt 

0.69 

0.11* 



10 

“ 

tt 

tt tt 

0.77 


0.58* 

0 

11 


if 

ft tt 

0.62 


0.59 

0.56 

12 

tt 

tt 

Na citrate 

0.26 


0.25 

0.23 

13 

ft 

it 

ft tt 

0.74 


0.76 

0.90 

14 

Collodion-lined 

it 

tt tt 

1.16 


1.16 

1.10 

15 

ff 

ft 

tt tt 

0.48 


0.55 

0.48 

16 

tt 

it 

tt ff 

0.73 


0.72 

0.66 

17 

ff 

ft 

tt ff 

0.97 

0.74 


0.83 

18 

<1 

tt 

K oxalate 

0.93 


0.83 

0.89 


* Hemolysis. 


drops of distilled water are added to blood, producing hemolysis, 
there is an initial decrease in the ascorbic acid value, and the 
ascorbic acid content of plasma containing hemoglobin diminishes 
upon standing. Other hemolysis-producing factors such ns 
vigorous shaking or hemolytic bacteria have the same effect. 

Having noted that the adherence of red cells to the sides of a 
glass container upon standing is a preliminary step towards 
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hemolysis, made a study of the effect of the surface of the 
container upon the stability of blood ascorbic acid. As shown in 
Table I, the poorest results were obtained 'nith bloods kept in 
ordinarj^ glass tubes. The ascorbic acid of bloods kept in paraffin- 
or collodion-lined tubes and Pyrex tubes was much better pre- 
ser^md than when the bloods were allowed to stand in ordinary 
glass tubes. 

Our results show clearlj’^ that to maintain the stability of ascorbic 
acid in whole blood the red cells must be kept intact. If the red 
cells are functioning normally, they have a preservative effect upon 
ascorbic acid; but when the cell wall is broken and oxyhemo- 
globin is liberated, the plasma ascorbic acid is oxidized. 

We interpret the greater stability of ascorbic acid in the presence 
of intact red cells as being a positive effect of the red cells. The 
red cells have a greater capacity for sustained reduction than 
plasma, because they contain relatively large amounts of reduced 
glutathione and they possess a powerful reducing mechanism 
which maintains glutathione and oxj'hemoglobin essentially in 
their reduced forms. This explanation is supported by the work 
of Borsook el al. (11), who demonstrated the reduction of dehydro- 
ascorbic acid by glutathione, and by the report of Schultze, Stotz, 
and King (12), who found that the red cells rapidly reduce added 
dehydroascorbic acid and glutathione-free plasma does not. 

As the breakdown of ascorbic acid may be taken as a sensitive 
indication of red blood cell integrity, the principles set forth above 
for the preserimtion of blood ascorbic acid may be construed to 
apply to the preservation of blood in blood banks. Certainly all 
factors that will prevent hemolysis are important. Scudder et al. 
(13) have reported that the shape of the container is a significant 
factor in blood preservation as measured by the rate of diffusion 
of potassium from the red cells, the more rapid diffusion being 
observed in the container ha\Tng the larger interface area. It 
would follow from this that the chemical nature of the blood bank 
container may also be of considerable importance. We found, 
however, that the use of paraffin-lined, collodion-lined, and Pyrex 
glass containers did not appreciably alter the rate of diffusion of 
potassium from the red cells. Further work upon the influence 
of the container on the preseivation of blood is being done. 
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SUMMARY 

1. If blood plasma is separated from the red cells and allowed 
to stand, its ascorbic acid content decreases. 

2. The ascorbic acid content of blood plasmas kept in contact 
with their red cells has been observed to remain unaltered for 16 
to 24 hours at room temperature and for 52 hours at ice box tem- 
perature, 

3. To obtain correct plasma ascorbic acid values and to presei've 
the ascorbic acid in blood for a time, it is necessary to prevent 
hemolysis completely. 

4. Intact red blood cells have a preservative effect upon the 
ascorbic acid of the plasma in which they are suspended. Mainte- 
nance of conditions which preserve the intactness of the red cells 
has been found the most effective procedure for stabilizing the 
ascorbic acid content of drawn samples of blood. 

5. Pyrex, paraffin-, and collodion-lined tubes used as blood 
containers gave a better preservation of the ascorbic acid of plasma 
than ordinary glass containers. 
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THE STABHIZATION AND DETERMINATION OF PYRUVIC 
ACID IN THE BLOOD* 

By ERNEST BUEDING and HERMAN WORTIS 

(From the Psychiatric Division, the Medical Service of the Psychiatric 
Division, Bellevue Hospital, and the Department of Psychiatry, 

A'cto York University College of Medicine, New York) 

(Received for publication, January 11, 1940) 

The diphosphoric ester of vitamin Bi (cocarboxylase) is the 
coenzyme necessarj’’ for the normal catabolism of pyruvic acid in 
body tissues. This effect has been especially studied in brain 
tissue (1). In ^^tamin Bi deficiency there is an accumulation 
of pyruvic acid in the blood (2). A method for the determination 
of blood pyruvate would therefore seem of clinical importance. 

Sherman and Elvehjem (3) fovmd that there was no disappear- 
ance of pyruvate added to blood and allowed to stand for 2 hours 
at 37°. However, the method used was not specific for pyruvic 
acid, since the total carbonjd compounds (bisulfite-binding sub- 
stances) were determined. Estimating the pyruvdc acid as 
dinitrophenylhydrazone, Wilkins, Weiss, and Taylor (4) noted a 
considerable loss of pyruvic acid under these circumstances. 
We found a significant decrease, even after 1 minute of standing 
at room temperature. Since the precipitation of the blood, with 
either a special micro blood pipette or a syringe, requires from 
30 to 90 seconds, the necessity for using some stabilizing agent 
becomes obvious. 

Siabilizaiion of Blood Pyruvate by Monoiodoacelate 

We have found that sodium monoiodoacetate in a concentration 
of 0.2 per cent completely prevents the disappearance of pyruvnc 
acid from the blood. This is illustrated by the following experi- 
ment. Blood was withdrawn from the cubital vein of a normal 

* This work was aided by a grant from Child Neurology Research 
(Friedsam Foundation). 
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Pyruvic Acid in Blood 


healthy adult and divided as follows; (1) A sample was precipi- 
tated with 10 per cent trichloroacetic acid S minutes after with- 
drawal from the vein. A pyruvic acid value of 0183 mg. per cent 
was obtained. (2) Another sample was allowed to stand for an 
additional 8 minutes (11 minutes after withdrawal from the vein) 
prior to precipitation and a value of 0,30 mg. per cent was obtained, 
(3) To other samples of the same blood, varying amounts of 
sodium monoiodoacetate were added 3 minutes after withdrawal 
from the vein. These latter samples were then precipitated after 
an additional 8 minutes (11 minutes after withdrawal from the 
vein) and pyruvic acid values of 0,82 to 0.83 mg. per cent w'ere 
obtained. The monoiodoacetate concentrations varied between 
0.2 and 2 per cent. 

Other experiments showed that if the concentration of added 
monoiodoacetate was 0.1 per cent or less complete stabilization 
of pyruvic acid did not occur. 

Furthermore, pyi’uvic acid determinations on blood samples 
introduced directly into a flask containing sodium iodoacetate 
or blood added to a flask of trichloroacetic acid \vith immediate 
precipitation yield similar results. 

If the blood to which sodium iodoacetate is added is allowed 
to stand at room temperature for 30 minutes, an increase in pyruvic 
acid of 3 to 20 per cent is observed. After 3 minutes, on the other 
hand, no significant change occurs (Table I). Since the entire 
procedure (drawing of the blood and its subsequent precipitation) 
requires at the most 2 minutes, the possibility of any increase 
in such a time interval is negligible. 

In addition, if blood is- precipitated at intervals ranging from 
40 seconds to 10 minutes after withdrawal from the vein, sig- 
nificant losses are observed when the stabilizing medium is not 
used (Table II). 

M ethod 

For the determination of pyruvic acid (already stabilized by 
sodium iodoacetate) in the filtrate the method of Lu (5) was 
modified in the following ways. (1) Larger amounts of blood 
are used. The smaller amounts suggested by Lu fall in a colon- 
metric range which greatly magnifies any possible errors in reading. 
(2) The dinitrophenylhydrazone of the pyruvic acid, together 
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■nith the free hydrazine, is extracted first with 4 ml. and then tmce 
with 2 ml. of ethyl acetate. This is necessary because a larger 
volume of filtrate is used. (3) 2 n sodium hydroxide is added 

Table I 

Effect of Standing at Room Temperature with Sodium Monoiodoacelaie on 
Pyruvic Arid Content of Blood 


The results are expressed in mg. per cent. 


Blood witb 0,5 
per cent 
CmICOONa; 
pptd. after 

Samp!© No. 

1 

2 

2 

A 

5 

6 


8 

9 

90 sec. 

1.10 



1.02 






2 min. 





1.11 

0.96 

0.90 

0.99 

0.83 

3 ‘‘ 

1.10 

0.96 





0.90 



5 " 





1.10 


0.92 

0.97 


7 “ 

1.13 



l.OS 






10 “ 






0.97 




12 " 

1.16 









30 " 

1.23 

1.10 

1.01 

1.18 

1.14 

1.03 

0.97 

1.05 

0.88 


Table II 

Decrease of Blood Pyruvate on Standing; Blood Dratpn without 
Sodium Monoiodoacetate 


PjTuvic ftcid, mg, p?r ceat 



Sample 1 


Sample Z 

5 ml. blood caught directly in flask 
containing 25 mg. CH-ICOONa; 
pptd. after 90 sec 

0.94 

1 

0.97 

1.03 

Blood taken in syringe (no 
CH-ICOONa); pptd. after 

40 sec ... . 

0.90 

60 “ 


0.77 

4 min 

0.51 


6 “ 

0.38 



10 “ 

0.28 







to the sodium carbonate extract instead of n sodium hydroxide. 
The color developed under this condition is more stable, and no 
interference of other keto acids is observed in blood of normal 
subjects. 
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Procedure — A solution of 50 per cent iodoacetic acid in water 
is adjusted with sodium hydroxide to pH 7.8; a measured volume 
corresponding to 25 mg. of iodoacetic acid (in general 0.1 ml. of a 
25 per cent solution of iodoacetate) is transferred to a bottle 
containing 20 mg. of dried potassium oxalate. About 5 ml. of 
blood obtained by venipuncture are caught directly in this bottle. 
3 ml. of this sample are then transferred drop by drop into an 
Erlenmeyer flask containing 12 ml. of a 10 per cent solution o[ 
trichloroacetic acid. The mixture is shaken continually while tlie 
blood is being added. Jt is allowed to stand for 30 minutes and 
then filtered. 3 ml. of the filtrate are then transferred to a test- 
tube to which 1 ml. of 0.1 per cent 2,4-dinitrophenylhydrazine in 
2 N hydrochloric acid is added. The mixture is allowed to stand at 
room temperature for at least 10 minutes and is then extracted 
with 4 ml. of ethyl acetate. The mixing of the Wo layers is 
effected by a capillary pipette through which a slow current of 
nitrogen is blown. After separation of the two layers, the lower 
one is removed by means of the same capillary pipette and trans- 
ferred to another test-tube. This fraction is norv extracted with 
2 ml. of ethyl acetate and the ethyl acetate layer is then added 
to the tube containing the original extract. The extraction is 
repeated rvith another 2 ml. of ethyl acetate until the lorver layer 
is completely colorless. The upper layer is then added to the 
other ethyl acetate extracts. Exactly 2 ml. of sodium carbonate 
are added to the combined ethyl acetate and mixed for 5 minutes 
by means of a slow current of nitrogen blown through the capil- 
lary pipette. At the end of this period, the sodium carbonate 
layer is transferred to another test-tube. This extraction is 
repeated trvice more with the same amount of sodium carbonate. 
The combined sodium carbonate fractions are then extracted 
with 1 ml. of ethyl acetate and the sodium carbonate extract 
transferred to a special tube designed for use in the Evelyn color- 
imeter. 4 ml. of 2 N sodium hydroxide are added to this fraction, 
and the mixture well shaken. After 10 minutes the intensity 
of color due to the phenylhydrazone of pyruvic acid is deter- 
mined in the photoelectric colorimeter with Filter 520. 

The exact amount of pyruvic acid in a given sample is deter- 
mined by the use of a standard curve. The pyruvic acid used m 
obtaining this curve is prepared immediately before use, by three 
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redistillations, the fraction boiling at 55-60° and 10 mm. of Hg 
being used. To obtain the actual pyruvic acid content of the 
blood in mg. per cent, the appropriate correction is made for the 
volume of sodium iodoacetate solution originally used. 

ResitUs 

1. The content of pyru^dc acid in the blood has been determined 
in 60 normal subjects without e\ddence of physical or mental 
illness. The ages ranged from 8 to 48 years, twenty-four of our 
subjects being children under the age of 15. All samples were 
obtained on fasting subjects at rest in bed, and all determinations 
were made in duplicate. The figures varied from 0.77 to 1.16 
mg. per cent, the average being 0.98 mg. per cent and the standard 
deviation ±0.09. Lu (6) has previously reported as normal 
values ranging from 0.4 to 0.75 mg. per cent. It should, however, 
be noted that she considered cases of treated \dtamin Bi deficiency 
as normal. Her subjects received large doses of \dtamin Bi, 
wMch in itself may account for the low figures obtained. Further- 
more, her method does not allow for complete stabilization of 
pyruvic acid. The disappearance prior to precipitation (without 
the use of a stabilizing medium) is therefore reflected in the 
lower values obtained. 

2. The addition of sodium cyanide to blood samples produces a 
greater disappearance of pjTUvic acid than would occur in a simi- 
lar length of time without the addition of this substance. Further- 
more, this disappearance is not prevented by the presence of 
iodoacetate (Table III). 

3. The addition of fluoride does not prevent the disappearance 
of pyru\’ic acid from blood samples standing at room temperature. 
If, however, fluoride and sodimn iodoacetate are added together, 
the disappearance of pyruvic acid from such blood samples 
promptly stops. 

4. In contrast to our findings in the blood, the pyruvic acid 
content of the cerebrospinal fluid remains constant even if the 
sample is allowed to stand at room temperature for 1 hour. These 
findings, together with the relationship of blood to spinal fluid 
pyruvate, will be discussed in a subsequent paper. 

These results take on added interest in view of recent work on 
cocarboxylase. It has been demonstrated that the activation 
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^ of cocarboxylase by hexosediphosphate is inhibited by iodoacetate 
but not by NaF (Lipschitz, Potter, and Elvehjem (7); Ochoa and 
Peters (8)). Furthermore Tauber (9) reported the activation of 
cocarboxylase by NaCN. In addition, Goodhart and Sinclair 
(10) have shown that cocarboxylase is present in the blood cells 
but not in the plasma or the normal cerebrospinal fluid. This 

Table III 


Effect of Sodium Cyanide on Pyruvic Acid Content of Standing Blood 
The results are expressed in mg. per cent of pyruvic acid. 


Blood somplo No. | 

1 

\yith sodium 
iodoacotatc 

Without sodium monoiodoacetate 

Pptd. after BO sec. 

Pptd. after 15 min. 

0.5 per cent NaCN; 
pptd. after 15 min. 

I 

1.05 

0.48 

0.22 

2 

0.85 

0.19 

0.05 


j With sodium monoiodoacefafe 


Pptd. after 2 min. 

^ 0.6 per cent NaCN;* 
pptd. after 2 min. 

0.6 per cent NaCNit 
pptd. after 30 mia 

3 

1.06 

1.04 

0.34 


* NaCN added immediately before precipitation, 
t NaCN added 28 minutes before precipitation. 


fact may account for the stability of pyruvic acid in the cerebro- 
spinal fluid which ordinarily contains practically no cells. 

StTMMARy 

1. Monoiodoacetic acid prevents the disappearance of pyruvic 
acid from non-precipitated blood. 

2. A method is described for determining pyruvic acid in the 
blood. 

3. Figures for the pyruvic acid content of blood, obtained on 60 
normal subjects, varied from 0.77 to 1.16 mg. per cent. 

4. Incidental data related to the effect of fluoride and sodium 
cyanide are reported. 

5. The stability of pyruvic acid in the spinal fluid is reported. 
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REMOVAL OF THE IMPURITIES, NUCLEIC ACID AND 
POLYSACCHARIDE, FROM TUBERCULIN PROTEIN* 

Bt FLORENCE B. SEIBERT 

(From Ihe Henry Phipps Insliluie, University of Pennsylvania, Philadelphia) 

(Received for publication, January 29, 19-10) 

By the methods most generally used in the past for the purifica- 
tion of the tuberculin protein nucleic acid and polysaccharide 
often have not been removed. While in most of the final fractions 
the nucleic acid content varied from 4 to 8 per cent, in a few cases 
it was as high as 30 to 40 per cent and in others as low as 0.8 per 
cent. Such a low figure as the latter, however, could not be 
attained at will, and seemed to be dependent upon a low initial 
nucleic acid concentration in the source material. The polysac- 
charide content ranged from 3 to 40 per cent. However, the size 
of the tuberculin reaction produced in many series of tests in man 
or experimental animals by these preparations was independent 
of the quantities of nucleic acid and polysaccharide present. 
Therefore, both of these substances may be considered impurities 
and should be eliminated, if possible, in the purification of the 
protein, especially since the presence of the nucleic acid, in par- 
ticular, modified many of the physicochemical properties of the 
protein, such as isoelectric point, electrophoretic mobilities, and 
solubilities. 


Methods 

Nitrogen was determined by a modification of the micro-Kjel- 
dahl method of Pregl, and the protein was calculated upon the 
basis of 16.3 per cent nitrogen pre\dously determined (1) on the 
dry weight of a highly purified tuberculin protein. 

♦Aided by a grant from the Committee on Medical Research of the 
National Tuberculosis Association. 

Presented in part before the Third International Congress on Micro- 
biology at New York, September, 1939, and in part before the Society of 
American Bacteriologists at New Haven, December, 1939. 
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Nucleic acid was determined quantitatively by means of the 
Dische diphenylamine reaction (2), The blue color was measured 
in the Evelyn photocolorimeter, with a filter of wave-length 
X 600, and the values obtained were found to satisfy Beer’s law. 
The standard curve was made with a very pure thymus nucleic 
acid kindly given to me by Dr. Einar Hammarsten. Since many 
of the tuberculin preparations analyzed were highly colored, the 
corrections for this color rvere especially important. The folloning 
procedure was found to yield the most nearly correct results. 

In two Pyrex tubes, 20 cm. long, were placed 3 cc. of water, and 
in two others 3 cc. containing an amount of the unknown solution 
which would be estimated to contain 0.02 to 0.5 mg. of nucleic 
acid. To one tube of each set were added 6 cc. of the blank 
reagent, made by adding 2.75 cc. of concentrated sulfuric acid 
(nitrogen-free, reagent grade) to 100 cc. of glacial acetic acid. To 
each of the remaining two tubes were added 6 cc. of the diphenyl- 
amine reagent, made by dissolving 1 gm. of diphenylamine in 
100 cc. of glacial acetic acid plus 2.75 cc. of the concentrated 
sulfuric acid mentioned above. Both series of tubes were covered 
with glass covers and simultaneously immersed in a vigorously 
boiling water bath for exactly 10 minutes and then simultaneously 
removed and immersed in cold water. 

The blank tube containing only water and the diphenylamine 
reagent was read against the blank tube containing water and 
the reagent without diphenylamine. This galvanometer reading, 
which is the blank on the reagents, should be about 96 to 99, and 
the amount of nucleic acid corresponding to this reading was 
considered to be the blank on the reagents. The tube containing 
.the unknown solution was then read against its corresponding 
blank, which was the tube containing the unlmown but no 
diphenylamine in the reagent. The concentration of nucleic acid 
corresponding to this galvanometer reading was determined from a 
standard curve obtained as described below, and from it was 
subtracted the blank. 

The standard curve was obtained by plotting the amount of 
nucleic acid used against galvanometer values obtained by reading 
a series of tubes containing amounts of the pure Hammarsten 
nucleic acid, varying from 0.02 to 0.5 mg., against a blank con- 
taining only the reagent. This reaction was highly specific for 
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thymus nucleic acid and no color was obtained with the tuberculin 
polysaccharide or j-’east nucleic acid. 

Polysaccharide was determined by means of the carbazole re- 
action (2), and the color was also measured in the Evelyn photo- 
colorimeter, with a filter of wave-length X 540. Since this reagent 
will give a red color with the carbohydrate in both the tuberculin 
polysaccharide and in the nucleic acid, the result includes both of 
them. While a slightly higher value would be obtained for the 
nucleic acid carbohydrate if a filter of wave-length X 520 were 
to be used, one of wave-length X 540 gives the most nearly correct 
result in unknown mixtures of the two and was, therefore, used. 

The brown color, formed so readily in these carbohydrate solu- 
tions when they are heated with the reagent which contains nearly 
concentrated suKuric acid, absorbs chiefly at a wave-length of 
X 420, and adequate correction must be made for it if accurate 
results are desired. In addition to this correction, another is 
necessary for the blank reagents. The following procedure gives 
the most reliable results. 

To each of two Pjorex tubes were added 9 cc. of the sulfuric acid 
reagent, consisting of 8 parts of concentrated sulfuric acid (nitro- 
gen-free, reagent grade) and 1 part of water. The tubes were 
chilled in ice water and then to each was added 1 cc. of the un- 
known solution which was estimated to contain 0.02 to 0.25 mg. 
of carbohydrate, following which the tubes were again cooled. 
To one of the tubes was added 0.3 cc. of the alcoholic 0.5 per cent 
carbazole reagent, and to the other 0.3 cc. of alcohol alone. Both 
tubes were heated simultaneously in a boiling water bath for 
exactly 10 minutes and then chilled. The blanks, one consisting 
of water, sulfuric acid reagent, and the carbazole reagent, and the 
other of water, sulfuric acid, and alcohol, were heated at the same 
time. 

Readings were made in the photocolorimeter of carbazole blank 
against water blank, and then the unknown solution against its 
blank. The galvanometer readings were related to concentration 
of carbohydrate by means of the standard curve. The value 
for the reagent blank was subtracted from the value obtained on 
the solution. With sufficiently pure reagents a galvanometer 
reading of 90 or more should be obtained on the reagent blank. 

The standard curve was obtained bj'- plotting the galvanometer 
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values found for varying concentrations (0.03 to 0.3 mg.) of pure 
tuberculin polysaccharide (isolated a number of years ago and 
recently studied (1)) when read against their corresponding blanks. 

Intracutaneous tests to determine potency were made in tu- 
berculous guinea pigs and man, and the reactions were measured 
in three dimensions 24 and 48 hours after the injection. 

EXPERIMENTAL 

Experiments made by means of the Tiselius electrophoresis 
apparatus (3, 1) on highly purified, as well as on crude tuberculin 
protein fractions, were helpful in understanding the nature of the 
combinations between either the nucleic acid or the polysaccharide 
and the protein and thus in guiding their separation. For exam- 
ple, most preparations, no matter how extensive the chemical 
purification, showed in electrophoresis the presence of a main 
component, which proved to be the protein, and also usually two 
other substances. One of these was a very weak component, had 
a much higher mobility than the protein, and proved to be nucleic 
acid when isolated and tested with the diphenylamine reagent 
(2). The other, also a weak component, had practically no 
mobility and when separated by means of the compensation 
device of Tiselius and tested with the carbazole reagent (2) proved 
to be a polysaccharide. 

Protein preparations, showing the presence of these two con- 
taminants, were obtained when a great variety of different methods 
of purification had been used. For example, repeated precipita- 
tion "with 2 or 10 per cent trichloroacetic acid, repeated precipita- 
tion with ammonium sulfate at the isoelectric point, pH 4.8, 
isoelectric precipitation -with acetate buffer salts, electrodialysis, 
and dialysis at acid reaction, all gave preparations with a high 
nucleic acid and polysaccharide content. 

One such product, PPD-12, which contained 9 per cent nucleic 
acid and 14.2 per cent polysaccharide, was used for a careful 
study of its mobility curve (Fig. 1) in the Tiselius electrophoresis 
apparatus. In all experiments the ionic strength of the solution 
was kept constant at 0.02 and citrate, acetate, or phosphate 
buffers were used, depending upon the pH desired. The current 
passing was always 3 to 4 milliamperes, and the concentration 
of the solutions averaged about 1 per cent. Since the boundary 
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anomalies are less pronounced for the descending than for the 
ascending boundaries (4),^ the mobilities of the former boundaries 
were used in the graph in all cases. The abscissa indicates pH and 
the units on the ordinate represent the mobilities X 10~® cm.® sec.“^ 
volt~' of the descending boundaries. Since the PPD'12 was 
insoluble between pH 4.8 and 2.4, it was impossible to obtain an 
accurate isoelectric point, which was probably between pH 3 and 4. 



Fig. 1. Mobility curves. Mobilities are plotted against pH; ft = 0.02. 
Phosphate buffer from pH 8 to 5.6, acetate buffer from pH 5.6 to 4.3, and 
citrate buffer from pH 4.3 to 1.5 were used. The dotted lines indicate the 
range of insolubility of the protein fractions. 

The significant fact disclosed by the curve is that a highly mobile 
component splits off above pH 5.0, although at pH 5.0 as well as 
at pH 2.2 the fraction traveled as a single component. This 
would indicate either that at certain pH tmlues the electrical 
properties were similar, or that a dissociation occurred at pH 

* Tiselius, A., personal communication. 
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5.0, releasing the fast moving component, which, when isolated 
in the separation cell, proved to be largely nucleic acid. Such 
an association could occur between the imino group of histidine 
in the protein and the secondary phosphoric acid group of the 
nucleic acid, both of which dissociate in the region of pH 5 to 6. 
Therefore, the link, if there is one, between the protein and the 
nucleic acid must' be a fairly lose combination which can be broken 
during electrophoresis in a properly chosen buffer. 

Pig. 1 also shows the mobility curve for pure thymus nucleic 
acid (Hammarsten) run under identical conditions. The mobility 
curves, obtained under similar conditions, of the antigenic tubercu- 
lin protein molecule, TPA-30K (1) of molecular weight 35,000, 
which contains no nucleic acid, and of a non-antigenic protein 
molecule, PPD-65, of about 17,000 molecular weight, which con- 
tains only about 0.8 per cent nucleic acid, are practically identical, 
especially between pH 3.7 and 8.0. Both, however, had a lower 
mobility than the protein component of PPD-12, and of numerous 
other preparations containing nucleic acid that were studied. As 
a rule, the lower the content of nucleic acid in a preparation the 
nearer the mobility of the protein component approached that of 
the pure protein. 

Furthermore, the mobility of the fast component in the PPD-12 
was less than that of pure nucleic acid alone. Thus there appears 
to be some influence of each of the components on the mobility 
of the other. A similar observation has recently been made by 
Stenhagen and Teorell (5). 

At all pH values the immobile polysaccharide was present as a 
separate component, indicating that it is not an integral part of 
the protein molecule. There seemed to be practically no influence 
of the presence of the polysaccharide on the properties of the pro- 
tein, as there was in the case of the nucleic acid, and, therefore, no 
evidence for a combination between protein and polysaccharide. 
The content of polysaccharide merely decreased with each suc- 
cessive purification, a fact suggesting that previously it had been 
adsorbed. 

The facts obtained by means of these mobility curve determina- 
tions indicated that it should be possible to remove these impurities 
from the protein by repeated electrophoresis. Therefore, 10 cc. 
of a 3.5 per cent solution of PPD-72-2, containing 11 per cent 
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nucleic acid and 13.5 per cent polysaccharide, were subjected to 
electrophoresis at pH 7.4, where it is evident from Fig. 1 that a 
maximum separation of the protein and nucleic acid will occur. 
All experiments were run at this pH in phosphate buffer, fi = 0.1. 
Since the desired fraction, the protein, had a mobility between 
that of the two impurities, the nucleic acid and the polysaccharide, 
which it was hoped to remove, the separation was made in a some- 
what different manner than is usually followed. 

It was reasoned that if the highly mobile nucleic acid were al- 
lowed to travel as fast as possible toward the anode, and at the 
same time the compensation device were used to keep the protein 
component from leaving its original cells, the immobile polysac- 
charide would simultaneously be pushed toward the cathode. 
The two impurities could thus be removed and the remaining 
solution would have the ori^al volume, but would contain less 
nucleic acid and less polysaccharide. It was then re-run in the 
same way, a procedure again permitting the removal of more 
nucleic acid and more polysaccharide. The process was repeated 
four times, as shown in Table I, yielding finally a protein solution 
with less than 1 per cent nucleic acid and 1.7 per cent polysac- 
charide by analyses. Electrophoretic diagrams (Fig. 2), obtained 
by means of the refractive index scale method of Lamm (6), 
showed the presence of a small amount of the faster component 
during the second run (A and B), and the absence of this compo- 
nent during the fourth run (C and D). The total concentration 
naturally decreased with each run and therefore no more than four 
such purifications were profitable in this experiment. The 
marimum degree of separation possible at any one run was limited 
by the height of the ceU, since, as soon as the descending nucleic 
acid or polysaccharide boundaries reached the bottom cell, con- 
vection currents made further electrophoresis inadvisable. 

It is of interest that the potency of the tuberculin protein was 
not decreased by the repeated purifications of the PPD-72-2 by 
electrophoresis, as shown in Table I. The average size reactions 
in eight tuberculous guinea pigs to comparable 0.005 mg. doses, 
based on the nitrogen contents of the different fractions, also 
showed no decrease in potency over the oripnal solution. 

This experiment demonstrates the possibility of separating both 
nucleic acid and polysaccharide from the protein in a more re- 
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liable manner than any of the numerous chemical procedures 
previously used. Furthermore, it shows that a large amount of 
the protein exists free of the nucleic acid or so loosely bound that 



Pig. 2. Electrophoretic diagrams of PPD-72-2, scale method. The dis- 
placement of the scale lines, Z, in /i, is plotted against the position of the 
displaced lines in mm. A, ascending boundar3", second run, 35 minutes 
after the current was started, potential gradient, F = 5.90 volts per cm., 
concentration 1.9 per cent, migration of protein = —9.4 X lO-'cm.’volt 
sec.“i, of nucleic acid = —18.3 X 10~® cm.^ volt"* sec."* B, descending 
boundary, second run, migration of protein = —6.6 X 10"®cm.“volt"‘soc. 
C, ascending boundary, fourth run, 1 hour after the current was started, 
F = 5.84 volts per cm., concentration 1.06 per cent, migration of protein " 
—7 X 10"® cm. 2 volt"* sec."* D, descending boundary, fourth run, migra- 
tion of protein = — 6.8 X 10"® cm.- volt"* sec."* 

the two are easily separable, and indicates that the reason why 
previous methods used for isolating the protein have failed to 
release the nucleic acid is that the separations practically always 
took place at acid reactions, where the two substances have similn) 
physicochemical properties or precipitate together. 
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The obvious practical conclusion to be drawn from these results 
is that if the precipitations were to take place on the alkaline side 
of pH 5.0, at, f or example, pH 7 or 8, it should be possible to mate a 
much better separation. 

Consequently, the following experiments were undertaken. 
Partially purified tuberculin was used which had been made from 
cultures of a human type tubercle bacillus grown on Long’s syn- 
thetic medium for 8 weeks, heated in the Arnold sterilizer for 3 
hours, filtered free of bacilli, and then concentrated and washed 
on the ultx’afilter (11 per cent guncotton-glacial acetic acid mem- 
branes) with weak phosphate buffer of pH 7.3. The entire 
process after the Arnold sterilization was carried out at ice box 
temperature. Aliquot portions of this were purified in two differ- 
ent ways. In one case about 200 cc. were precipitated by 2 per 
cent trichloroacetic acid five times, being dissolved xvith as little 
sodiurh hydroxide as possible folloxving each precipitation. The 
final precipitate was dissolved and washed on the ultrafilter free 
of sodium trichloroacetate xvith weak phosphate buffer, pH 7.3. 
The resultant solution was filtered for sterility on the Seitz filter 
and then preserved in the dry form by the cryochem process (7). 
This was called PPD-IIIa. 

In the second case 50 cc. of the same original solution were 
precipitated by the addition of an equal amount of saturated 
ammonium sulfate previously neutralized with sodium hydroxide. 
Recently it has proved more satisfactory to neutralize the ammo- 
nium sulfate xvith solid disodium phosphate. This precipitation 
was carried out three times, at the end of which the supernatant 
fluid was water-clear and colorless. Solution of the precipitates 
was caused by weak phosphate buffer, pH 7.3. The final precipi- 
tate Avas dissolved and washed fz’ee from ammonium sulfate on 
the ultrafilter by means of weak phosphate buffer, pH 7.3, and 
then preserved in the dry fox*m by the cryochem process (7). 
This was called PPD-IIIa2. 

Table II shows the analyses on these fractions. A third frac- 
tion, PPD-IIIb, made from a similar original solution and in the 
same way as the PPD-IIIa, i.e. by means of 2 per cent trichloro- 
acetic acid precipitation, is also included in Table II. It is clear 
from the results that the separation made at pH 7 to 8 yielded a 
product with about 0.8 per cent nucleic acid, as compared rvith 
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about 24 per cent nucleic acid when the precipitation was made 
with trichloroacetic acid. Likewise the polysaccharide content 
in the former case was about 7 per cent of the total product, as 
compared with 26 per cent for the latter. 

The potency of this product in tests on both tuberculous guinea 
pigs and human beings in comparison with a standard PPD 
proved to be good. Table II shows the average size of the reaction 
in a sufficiently large series of tests on human beings to make the 
comparison reliable (8). 

Products as free as this of nucleic acid can safely be standardized 
on the basis of their nitrogen content, since the pure tuberculin 
protein has been found (1) to contain 16.3 per cent nitrogen, 
based on the diy weight. 


STJMMABY 

Tuberculin potency determined by the skin reaction was 
dependent upon tuberculin protein only. It was independent of 
the nucleic acid and polysaccharide contents of tuberculin prepa- 
rations, and, therefore, these impurities should be removed. 

Nucleic acid and polysaccharide could not be removed quanti- 
tatively from the protein by isoelectric precipitation, by electro- 
dialysis, by dialysis at pH 2.1, by repeated precipitation by half 
saturation with ammonium sxdfate at the isoelectric point, or by 
repeated precipitation with 2 or 10 per cent trichloroacetic acid. 

Electrophoretic mobility cvurves revealed the fact that on the 
acid side of pH 5.0 the nucleic acid and protein migrated as a 
single component, whereas at less acid reactions than pH 5.0, 
the two traveled with very different mobilities. The mobility 
of each appeared to be influenced somewhat by the presence of the 
other. The polysaccharide was immobile at all pH values and 
there appeared to be no combination with the protein, e.vcept by 
adsorption. Therefore, by means of repeated electrophoresis at 
pH 7.3, it was possible to remove both nucleic acid and polysac- 
charide from the protein, with no loss in potency. 

It was, furthermore, possible to remove both of these impurities 
from the protein by repeated precipitation on the alkaline side 
of pH 5.0, as by half saturation with ammonium sulfate at pH 7.0, 
with no loss in potency. 
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ELECTROKINETIC ASPECTS OF SURFACE CHEMISTRY 

E. THE ELECTRIC MOBILITIES OF QUAR.TZ AND COLLODION 
PARTICLES m METHRES OF HORSE SERUM AND 
SERUM PROTEINS IN RELATION TO THE 
MECHANISM OF FILM FORMATION 

By LAURENCE S. MOYER akd MANUEL H. GORIN 

{From the Department of Botany, University of ilinnesola, Minneapolis, 
and the Biological Laboratory, Cold Spring Harbor, New Yorh) 

(Received for publication, February 5, 1940) 

In a recent communication, Moyer and Moyer (1) have shown 
that particles of quartz and collodion attain different electro- 
phoretic mobilities after being exposed to dilute horse serum. 
The electrophoretic mobility-pH curve for the collodion particles 
in serum agreed completely with the curve obtained for particles 
in solutions of the serum globulin fraction. Comparison of the 
behavior of the quartz particles with the electric mobility curves 
of the two albumin constituents, A and B, isolated by the method 
of Kekwick (2), showed that the quartz when in serum becomes 
coated with a film resembling albumin A. The conclusions of 
Kekwick Mth regard to the identity of the electrophoretic behavior 
of the dissolved albumins A and B were substantiated by the 
measurements on the adsorbed albumins but only over the narrow 
pH range near the isoelectric point which he investigated (pH 
4.0 to 5.5). At either end of this range, the mobility of adsorbed 
albumins A and B was different, with albumin A moving more 
slowly than B (1). By comparing their data with those of Tiselius 
(3) for the electrophoresis of the protein constituents in diluted 
serum, Moyer and Moyer concluded that albumin A may be nearly 
the same as the albumin Tiselius has isolated electrophoretically, 
while the coating on the collodion agreed most closely in behavior 
with his globulin a. Rabbit and human serum were also investi- 
gated with similar results. 

Although these investigations show that the films adsorbed on 
these particles are different, they do not give much information 
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about the mechanisms involved in their formation. This point 
can best be investigated by following the behavior .of particles 
in mixtures of serum constituents with each other and with serum. 
In a similar investigation, using mixtures of gelatin with casein 
and egg albumin, Moyer and Moyer (4) have found that the 
resultant film depends on the proteins involved and, to a certain 
extent, on the nature of the particle. Two chief modes of ap- 
proach were used; (1) coating the particle with one protein and 
then exposing it to the other, and (2) putting the particles into a 
mixture of the two proteins. The microscopic method of electro- 
phoresis was used to determine the nature of the surface films 
formed on tlie particles. Their results, together rvith those in the 
literature, indicate that one protein may replace another at a 
surface, two proteins may be adsorbed side by side, or one may or 
may not be able to coat the other. 

To discuss the rmrious factors involved in film formation on 
particles when immersed in protein solutions, let us consider the 
case in which a particle already coated with one protein is placed 
in a solution of another protein. If enough more free energy is 
dissipated in film formation by the initial than by the second pro- 
tein, no replacement of the first protein by the second can occur, 
in spite of the high concentration of the other protein. It is still 
possible, however, for the particle to become coated with the 
second protein by the formation of a double or multiple film. The 
formation of a double coat would be analogous to intei-action 
between the same two molecules in the solution itself. It is 
unlikely that the anchored molecule rvill interact much more 
readily with a molecule of the second protein than would a free 
, molecule unless it is altered upon adsorption to such an extent 
3 that new groups are made available (denaturation and unfolding). 
To determine definitely whether such profound changes have 
occurred might require, for any particular case, information from 
several different sources; chemical, physicochemical (electro- 
phoresis, heat of adsorption, etc.), and immunological. Tenta- 
tively, however, we suggest the incomplete criterion that if the 
electric mobility of the film-coated particles is the same as that 
of the free molecules and, furthermore, if the protein on the 
particles is one which does not denature rapidly at the air-water 
interface at room temperature, no important changes in the 
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molecule sbould be expected upon adsorption. Quantitative 
information concerning the latter restriction, although desirable, 
is not available at present. 

Correspondingly, the possibility that the anchored molecule 
will interact less readily than the free molecule Mth another 
protein cannot be entirely dismissed when specific groups, or 
perhaps a single group on each protein, are responsible for the 
interaction between the two proteins. For it may happen that 
the same specific group is preferentially attached to the surface 
of the particle and thus becomes unavailable. On the other hand, 
the failure of the second protein to replace the first in the time 
allowed does not necessarily warrant the conclusion that the free 
energ}’ relationships are unfavorable, for, if the adsorbed protein 
molecules exchange very slowly with those in the solution, it might 
be necessaiy' to wait a very long time for the system to come to 
equilibrium. Finally, if the second protein replaces the first, it 
can be concluded that the free energy changes involved in film 
formation by the respective proteins are of about the same order 
of magnitude or that they are greater (negative sense) for the 
second than for the first protein. 

When uncoated particles are added to a mixture of two or more 
proteins, the situation is different, for there is now a chance for 
competition between the proteins in their relative rates of film 
formation. In this instance, the final result, if the various equi- 
libria are not rapidly established, will depend mainly upon the 
relative rates of film formation for the two proteins rather than 
upon the free energy changes. 

The same procedures as were followed by Moyer and Moyer have 
been used "witb the serum proteins and serum in tbe present 
investigation. In this paper, the attempt will be made to clarify 
the mode of film formation and the nature of the interaction 
between serum proteins and “inert" particles in relation to the 
biological aspects of the problem. 

Methods 

The serum samples and protein preparations were the same as 
were used before (1). The albumin constituents, A and B, had 
been prepared by the method of Kekwick (2). All measurements 
have been made in phosphate buffers, pH 7.6, at an ionic strength 
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of 0.1. The protein concentrations used were as follo\ys: albumb 
A, 0.1 per cent; albumin B, 0.1 per cent; globulin, 0.3 per cent, A 
higher concentration was used for the globulin because of its 
higher molecular weight and also because it does not represent a 
single component but is a mixture of at least three globulins of 
which one seems to be selectively adsorbed (1). The term 
“globulin" will be used in this communication to refer to this 
constituent of the globulin fraction. If lower concentrations of 
these globulins were used, results were not so uniform. The 
experiments were performed by exposing quartz or collodion to 
strong solutions of the proteins (greater than 3 per cent) for an 
hour or more and then, after addition of the buffer constituents, 
the second protein or serum was added and the final volume of the 
solution was allowed to stand at room temperature for at least 
another hour before measurements were made. In the experi- 
ments on mixtures, the stock protein solutions were mixed and the 
particles were added to them and allowed to stand for about an 
hour; whereupon the mixture was diluted to the proper concen- 
tration by the addition of the salts and water and again allou’cd 
to stand for at least an hour. These time intervals were found 
sufficient to produce uniform results. Electrophoresis and pH 
measurements were made by our usual techniques (1, 5). 

It might have been desirable to make measurements at mon 
than one pH value but, since the amounts of protein were limite( 
and the electrophoresis curves of Moyer and Moyer (1) for hors 
serum and its proteins showed no discontinuities in the contmi 
at different pH values, these were not carried out. 

EXPERIMENTAL 

Table I shows typical results obtained with binary mixtures c 
these three protein fractions at 25°. The experiments markc 
“Control” were performed without the second protein and reprf 
sent mean mobilities taken from the pH-mobility curves of thes 
constituents at this pH. By comparison of the experimental 
mobilities with those of the controls, the nature of the resultant 
surface, or at least its outer coating, can be determined. 

In Experiment 1, both quartz and collodion were initially coated 
by albumin B but the outer surface changed to a film of albumin 
A only on the quartz. It is highly probable that this change on 
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the quartz is the result of albumin A replacing B and not the 
adsorption of albiunin A on B. For, if albumin A tended to be 
adsorbed by albumin B on quartz, there is little reason to believe 
that it would not have been adsorbed by the film of albumin B 
on the collodion. It seems that if albumin B is once on collodion, 
albumin A caimot replace it or be adsorbed by it. There is, of 
course, the possibility that albumin B is altered in its capacity to 

Table I 

Elcctrophorelic Mobililics of Quartz and Collodion Particles after Treatment 
with Serum Proteins 


pH 7.6; p = 0.1. 


Experiment 

No. 

1st protein 

2nd protein 

On qtiartx 

On collodion 

Mo- 

bility 

Hesultnnt 

surface 

Mo- 

bUity 

Besultnnt 

surface 




M per 
iec. 


ft per 
rec. 


Control 

Albumin A 


1.12 

Albumin A 

1.12 

Albumin A 

tt 

“ B 


1.32 

“ B 

1.32 

B 

(( 

Globulin 


0.76 

Globulin 

0.76 

Globulin 

1 

Albumin B 

Albumin A 

0.99 

Albumin A 

1.36 

1 Albumin B 

2 

“ A 

“ B 

1.03 

(( it 

1.16 

1 “ A 

3 

AExture o; 

f A and B 

1.08 

tt it 

1.39 

B 

4 

Albumin B 

Globulin 

0.95 

Both 

0.70 

Globulin 

5 

Globulin 

Albumin B 

0.74 

Globulin 

0.67 


6 

Mixture 

glot 

of B and 
)ulin 

0,86 

tt 

1 

0.74 

tt 

7 

Albumin A 

Globulin 

1.02 

Albumin A 

0.66 

tt 

8 

Globulin 

Albumin A 

0.76 

Globulin 

0.72 

tt 

9 

Mixture of A and 
globulin 

0.77 

tt 

0.79 

it 


adsorb A after adsorption by quartz or collodion but, if this is the 
case, it is not accompanied by a detectable change in its electric 
mobility. Let us assume for the present that replacement has 
occurred and discuss later the possibility of this other, less likely, 
change in the protein as the mechanism involved. 

"i^Tien quartz or collodion is first coated with albmnin A (Experi- 
ment 2), albumin B is not adsorbed. In the mixture (Experiment 
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3), albumin B is evidently more rapidly adsorbed on the collodion 
than A, so that, the A cannot go on, for, if albumin A had been 
adsorbed first, then B would not have been adsorbed (c/. Experi- 
ment 2) and the final surface would be albumin A. Evidentlj-' 
once albumin B is on the collodion, albumin A is repelled. It 
is probable that this difference in the rates of film formation 
involves differences in the constitution of the proteins, for both 
have the same molar concentration and diffusion constant (2). 
Quartz becomes coated with albumin A in the protein mixture. 
This was expected, for Experiment 2 has sho^vn that if albumin A 
reached the surface first, B would not be adsorbed and Experiment 
1 indicates that if albumin B got there first A could replace it. 
Either mechanism would give albumin A as the sole coating. If 
our interpretation of the first part of Experiment 1 is correct 
(that albumin A replaces B on quartz), it can be concluded that 
albumin A is more strongly adsorbed by quartz than B; that is, 
that the free energy changes are in favor of the adsorption of 
albumin A. On the other hand, for the collodion surface, it can 
only be concluded that albumin B is more rapidly adsorbed than 
A. It is also indicated by Experiments 1 to 3 that both the serum 
albumins are more “irreversibly” adsorbed by collodion than by 
quartz. 

Considering next Experiments 4 to 6 with quartz and collodion, 
we see that albumin B cannot replace globulin or be coated on it, 
whereas globulin can partially replace albumin B on quartz and 
completely replace it on collodion. According to the criteria 
that we have applied above, it is likely that these are partial and 
complete replacements respectively, rather than coating-over of 
globulin on albumin B. No interaction between albumin and 
globulin o'ccurs in serum, for they migrate independently in an 
electric field (3). Nor is it likely that globulin would tend to 
coat over albumin B completely when it is anchored to collodion 
and incompletely when on quartz, for when covered by albumin B 
alone, both quartz and collodion have the same mobility and 
therefore their surface films must be nearly identical. If the inter- 
pretation that the globulin actually replaces albumin B on col- 
lodion is accepted, it follows that globulin is more strongly 
adsorbed than albumin B on collodion. In the case of quartz, 
it appears that the free energy of adsorption is not greatly different 
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for the two, although, of course, this is uncertain, for complete 
equilibrium was not attained. If complete equilibrium had been 
attained, the results in the first part of Experiments 4 to 6 would 
have been identical. 

Almost completely similar results were obtained in Experiments 
7 to 9. These can be interpreted in the same way as the results 
in Experiments 4 to 6 if albumin A is substituted for albumin B. 
There is one exception: globulin seems unable to replace or coat 
albumin A on quartz. These experiments lead to the conclusion 
that globulin is more rapidly adsorbed than albumin A on quartz 
and that the equilibria involved are slowly established. 

If the replacements postulated above actually occur, their 
mechanisms must be more complicated than the simple one that 
might be assumed a ■priori: desorption of a molecule of the first 
protein followed by a competition between the molecules of the 
two proteins for the vacant space on the surface, for, of course, 
the desorption would be the slow step. If its rate were inde- 
pendent of the kind of neighboring molecules on the surface, when 
replacement of a given protein on a given surface is found to occur, 
it would be expected that such replacements of the same protein 
on the same surface would occur for all proteins which are more 
strongly adsorbed than the first protein on the given surface. 
Thus, since globulin can replace the albumins on collodion, then 
replacement of albiunin B by A or albumin A by B, depending 
upon which is more strongly adsorbed, should also occur on 
collodion. Because these replacements do not occur, it must 
be concluded that if globulin actually replaces the albumins on 
collodion, there must be some mechanism by which it can increase 
the rate of desorption of the albumins. One possibility is that a 
globulin molecule can accelerate the desorption of a neighboring 
albumin molecule, and thus, after the creation of a few vacant 
spaces by ordinary desorption, the process would continually 
increase in rate (kind of autocatalysis). 

It has been admitted above that some of these results could be 
interpreted by supposing a change to be produced in the protein 
by adsorption which could alter its capacity for adsorbing the 
dissolved protein. If we assume that albumin A is so altered on 
its adsorption by the collodion in Experiment 7 that it can adsorb 
globulin but is unaltered by the quartz, then we must assume in 
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Experiment 2 that it has not been altered enough to adsorb albu- 
min B. In Experiment 4, if we assume that the albumin B on 
collodion is altered enough to permit it to adsorb globulin, then 
we must assume that it has not been changed enough so that it 
can adsorb albumin A in Experiment 1. If we assume that it 
is altered enough by quartz in Experiment 1 so that it can adsorb 
albumin A, then it must not have been changed enough to be able 
to adsorb globulin completely in Experiment 4. This alteration 
and double film hypothesis seems much more unlikely than re- 
placement, especially when it is recalled that the electric mobility 

Table II 

Electrophoretic Mobilities of Quartz and Collodion Particles Placed in Serum 
after Treatment with Albumin A or Globulin 
pH 7.6; fi = 0.1. 


1st coating 

Serum 

On quarts 

On collodion 

Spccide 

resist- 

ance 

Remarks 

dilution 

Mo- 

bility 

Hcsultant 

surface 

^^o- 

bility 

Resultant 

surface 



upcr 

ecc. 


p per 
see. 


ohms 



3:50 

0.93 

Albumin A 


Globulin 

■liia 

Control 

Albumin A 

3:60 


« 

m 

(f 




1:50 

1.13 

<( f( 

0.80 

tt 

188 

Control 

Albumin A 

1:50 

1.12 

(C (1 

0.84 

tt 

188 



1:50 

1.13 

(1 (< 

0.80 

(( 

188 

Control 

Globulin 

1:50 


Globulin 

0.73 

it 

188 



of any one of these proteins on quartz or collodion is the same 
within the limits of error and in good agreement with the value 
for the dissolved protein (6-8). The possibility of these results 
being affected by an interaction of the protein in solution does 
not have much support, in view of the comparison by Tiselius 
(3) of the mobilities of mixed and isolated serum proteins. 

In Table II a comparison of the behavior of quartz and collodion 
particles placed in serum with that of similar particles which 
had been previously coated with albumin A or globulin before the 
addition of serum is presented. The measurements made in the 
presence of serum at a dilution of 3 : 50 cannot be directly compared 
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with those made at a 1:50 dilution, for the higher concentration 
affects the ionic strength, as shown by the change in the specific 
resistance. Consequently each experiment must be compared 
with its proper control. The resultant surface has been indicated 
after each mobility value. 

UTien serum itself is used as the second component, the results 
are essentially the same as in Table I. Albumin A persists on the 
quartz but appears to be replaced by serum globulin at a collodion 
surface. This result was found at both serum concentrations. 
Globulin, once on the surface of quartz, cannot be replaced by the 
albumin of the serum. It will be noticed that the results shown 
in Experiment 9 (Table I) do not agree with those of the controls 
for quartz placed in serum. This may be due to the differences 
in the protein concentrations in these experiments, for such 
differences should influence the rates of film formation. The rest 
of the data in Table II agree with those in Table I.* 

Notice that globulin when coated on quartz appears either to be 
irreversibly adsorbed or the most strongly adsorbed of the three 
proteins, for in no case does replacement of globulin by albumin 
occur. On collodion, of course, globulin is more strongly adsorbed 
than albumin A or B. Finally, albumin A is more strongly ad- 
sorbed on quartz than albumin B. With the additional assump- 
tion that globulin can replace the albumins whenever the free 
energy differences are favorable, the tendency to be adsorbed on 
quartz is roughly in the order; albmnin A > albumin B = globulin. 
On collodion, we can only say globulin > albumin A or B. 

DISCUSSIOK 

In the present experiments the nature of the particles frequently 
influences the composition of the resultant surface film. It has 
been generally found that hydrophilic substances are better 
adsorbed on hydrophilic surfaces, such as quartz or silica gel, and 
that hydrophobic substances are better adsorbed by hydrophobic 
surfaces such as carbon, collodion, or paraffin oil. The nature 
of the solvent can also influence the results. Berl and Wachen- 

* A few- experiments performed by measuring the mobilities of quartz 
and collodion in undiluted serum gave mobility values near 0.4 p per second, 
with the difference in mobility between the two particle types being less 
than the experimental error. 
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dorff ( 9 ) have found that aqueous solutions of crystal violet were 
better adsorbed by carbon than by silica gel, whereas this state of 
affairs was reversed when the dye was dissolved in tetralin. 
Holmes and McKelvey ( 10 ) have reported that Traube’s rule, 
developed for the adsorption of dissolved substances in water 
by non-polar adsorbents, is reversed when a polar adsorbent, such 
as silica gel, is used and the fatty acids are dissolved in toluene. 
In the aqueous solution, the hydrocarbon ends are evidently 
turned toward the carbon, while in toluene the cai’boxyl groups are 
turned toward the silica gel. From an investigation of the 
adsorption of cis- and trans-azobenzenes, Freundlich and Heller 
(11) have drawn the following conclusions. 

“The cis isomer is adsorbed more strongly by aluminum oxide, particu- 
larly in petroleum ether, less in methyl alcohol ; the trans isomer is adsorbed 
more strongly by charcoal, particularly in methyl alcohol, less in petroleum 
ether. This is in agreement with other experimental results, according to 
which the more hydrophilic solute, here the cis isomer, is adsorbed more 
strongly by a hydrophilic adsorbent, here aluminum oxide, in a more 
hydrophobic medium, here petroleum ether, than by a more hydrophobic 
adsorbent, here charcoal, in a more hydrophilic medium, here methyl 
alcohol.” 

In applying these observations to the present case we shall 
assume that the serum albumins are relatively more hydrophilic 
than the globulins. This is a common assumption which is 
probably justified. Indeed, Spiegel-Adolf (12) finds that AI2O3 
adsorbs serum albumin better than pseudoglobulin, which is 
better adsorbed than euglobulin. In other words, the more 
hydrous albumin tends to be adsorbed better by this hydrophilic 
surface. 2 

2 Dummett and Bowden (13) have attempted to show that the nature of 
the underlying surface affects the electric mobility of adsorbed oxyhemo- 
globin. As pointed out before (5), they made their measurements with a 
cylindrical cell, using 0.21 and 0.79 of the total depth as the stationarj 
levels, instead of the correct positions at the level 0.147 from the top or 
floor of the cell (8). In addition, they appear to have neglected the im- 
portant correction described by Henry (14) for the effect of the curvature 
on the apparent position of the stationary level. Unless this correction 
has been used, all measurements made in cylindrical microelectrophoresis 
cells are open to question. Hence it appears that Dummett and Boii cn 
made their observations at a depth at which the particles were being 
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F&hraeus (17) states that the rate of sedimentation of red blood 
cells in plasma is markedly affected by changes in the globulin 
concentration. The globulins increase markedly in pregnancy, 
■when the settling effect is most pronounced. Albmnin is -ndthout 
influence on this phenomenon but it is markedly affected by globu- 
lins or fibrinogen, especially by the latter. 

Linzenmeier (18) has found that the rate of settling is markedly 
inhibited by pre\'ious treatment of the plasma •with bolus alba, 
kaolin, or carbon, ■whereas Fe^Oa, Al-Oj, or Ce203 had no effect. 
He ascribes this phenomenon to the removal of positively charged 
substances by the negative colloids. It seems more plausible, 
however, that the oxides were ineffective in the presence of plasma 
because of their hydration and not because of their positive charges 
(for AI2O3 and Fe203 ■ndll adsorb proteins on either side of their 
isoelectric points (16, 19)), while the carbon, etc., was able to 
adsorb other, relatively hydrophobic, negatively charged sub- 
stances, such as globulins. Apparently the active substance is 
preferentially adsorbed by the more hydrophobic surfaces, while 
the other serum proteins are preferentially adsorbed by the more 
hydrophilic surfaces. The subject of red blood cell sedimentation 
has been recently investigated by Monaghan and White (20) by 
electrophoresis. 

Jones (21) has sho^wn that previous e.xposure of the presmnably 
hydrophilic hog cholera bacillus to normal serum does not alter 
its reaction to its homologous antiserum, which, in the light of 
these results, probably involves protein replacement. It would 
be interesting to investigate the effects on immunological beha^vdor 
of a protein capable of being irreversibly adsorbed, such as gelatin. 


affected by electroosmosis. It is incorrect to assume (15) that isoelectric 
point determinations made at levels other than the stationary levels ■will 
give correct values, unless the coatings of the cell and of the particle have 
identical f potentials. They report that hemoglobin coated on carbon, 
copper, and quartz, from solutions at a concentration of 0.00015 per cent 
hemoglobin, exhibited wide differences in isoelectric point. It is not clear 
in all these cases that particles and wall were both completely coated by 
such concentrations. In any case, if they were, and the f potentials of 
wall and particles were different, as their results imply, their isoelectric 
points are erroneous, for it is only when wall and particles have an identical 
surface constitution that measurements of the isoelectric point are inde- 
pendent of the depth (16). 
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Perhaps relatively hydrophobic bacteria, such as members of the 
acid-fast group (22), might exhibit a different behavior than that 
found by Jones. 

Freund (23, 24) has investigated the toxicity of collodion par- 
ticles which had been exposed to diphtheria and tetanus toxins, 
subsequent to or preceding their immersion in tetanus or diphtheria 
antitoxins. We present his results in Table III in a manner 


Table III 

Treatment of Collodion Particles with Toxins and Antitoxins 
(Data of Freund (2S, 2^)) 


Ist iminersion 

2nd immersion 

Toxicity 

Romorks 

Tetanus toxin 


Toxic 

Control 

Diphtheria toxin 


tl 

it 

Tetanus antitoxin 

Tetanus toxin 

tt 

Coating-over 

<< U 

“ “ then 

tetanus antitoxin 

Non -toxic 

Neutralization and 
coating-ovcr (?) 

Diphtheria anti- 
toxin (or normal 

Tetanus toxin 

ft 

No replacement or 
coating-over 

serum) 




Tetanus toxin 

“ antitoxin 

ft 

Neutralization and 
coating-over (?) 

it (t 

Diphtheria anti- 
toxin (or normal 
serum) 

Toxic 

No replacement or 
neutralization 

Diphtheria anti- 

Diphtheria toxin 

tf 

Coating-over 

toxin 




Tetanus antitoxin 
(or normal serum) 

(( <( 

Non-toxic 

[ 

No replacement or 
coating-over 

Diphtheria toxin 

“ anti- 

toxin 


Neutralization and 
coating-ovcr 

n (< 

Tetanus antitoxin 
(or normal serum) 

Toxic 

No replacement or 
neutralization 


similar to that used for the serum proteins given in Tables I and II. 
It will be seen at once that his data are often complicated by 
chemical interactions between the antigen and its antibody, 
leading to the formation of double films. Furthermore, it might 
be anticipated from the fact that antibodies are globulins that 
irreversible adsorption at the collodion surface would be encoun- 
tered more often than replacement. 

It is noteworthy that when the collodion is first coated with 
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protein from a solution of globulins containing only non-specific 
antibodies, the tetanus or diphtheria toxin cannot replace it or 
coat over it. Since it has been shown that globulin is strongly, 
and apparently irreversibly, adsorbed by collodion, this result is 
in accord vith ours. UTien, however, the collodion is first coated 
from a solution of globulins containing a specific antibody and 
then treated with the corresponding toxin, the particle becomes 
toxic. Correspondingly, when the particles are first coated with 
toxin and then put into a solution of non-specific globulins, they 
remain to.xic. Therefore, no replacement of toxin by globulin 
occurs. Freund (24) suggests the following explanations: (1) 
there are two groups on the antitoxin, a combining and a neutral- 
izing group, of which the neutralizing group is held by the col- 
lodion; (2) it is possible that antitoxins on collodion adsorb more 
units of toxin than they Can neutralize; (3) neutralization occurs 
only if antitoxin is on the outside. If such particles were heated 
to 55° for half an hour to destroy the toxin, antitoxin was released 
on injection into mice. This finding argues against the possibility 
of there being a replacement of toxin by antibody. Collodion 
treated with diphtheria toxin flocculated when treated with 
antitojdn, indicating that the antibody coats over the antigen. 

It appears likely that in certain instances replacement may take 
place. Shaffer and Dingle (25) have found that a film of egg 
albumin can be deposited from 2 per cent solutions on a chromium 
slide covered with Y films of stearates (26). The thickness of the 
protein film was found to be 40 A. by the Blodgett technique of 
comparing interference colors; this is approximately a monolayer. 
After addition of anti-egg albinnin serum, an increase in thickness 
of 100 A. was noticed. Immersion of this slide in the original egg 
albumin solution caused the film thickness to decrease to the 
original 40 A. I^Tiether the antigen-antibody complex is re- 
placed by the egg albumin or whether the antibody globulin 
comes off, laying bare the original egg albmnin film, cannot be 
decided from the data.^ It is interesting that normal or heterolo- 
gous horse or rabbit sera failed to adhere to the egg albumin films. 

’ If, for instance, the globulins make up part of the mosaic of the blood 
capillar3' wall, a possible mechanism of the wheeling reaction to antigens 
in suitably sensitized individuals suggests itself; temporary increase in 
permeability caused by removal of the specific globulin antibody from the 
capillary membrane. 
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That protein exchange may take place within biological mem- 
branes is suggested by the recent work of Furchgott and Ponder.^ 
These authors have found that the tendency of rabbit erythro- 
cytes to become spherical when enclosed between slide and 
cover-slip may be inhibited by treating the cells with the car- 
bohydrate-poor fraction of serum albumin (probably albumin 
B). Furthermore, they have shown that the “antisphering 
factor” (crystalbumin) is actually removed from the solution 
in amounts sufficient to form a monolayer on the cell surfaces. 
Yet no detectable change in the electric mobility of the cells occurs. 
Apparently then, according to these authors, the serum albumin 
must actually go into the membrane to become part of the mosaic, 
instead of being adsorbed on the surface of the cell. 

SUMMARY 

The electrophoretic mobilities of quartz and collodion particles 
were determined after exposure to mixtures of serum proteins or 
after they had been coated with one protein and then exposed to 
another or to serum. The results indicate that there is little 
tendency for the various constituents used to adsorb on each other, 
although one protein may replace another at a surface. The 
result is usually a film of one of the protein components rather 
than a mosaic. The nature of the underlying surface influences 
the adsorption, with the more hydrophilic proteins being adsorbed 
more readily by the more hydrophilic surface, and vice versa. In 
certain cases the results are complicated by irreversible adsorption. 
The biological significance of these findings is discussed. 

We wish to thank Dr. Herbert Freundlich for some helpful 
suggestions and for critically reading the manuscript. 
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CHEMICAL STUDIES ON THE PITUITARY “ANTAGONIST” 
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There is present in extracts of the anterior pituitary a fraction 
which when given intraperitoneally antagonizes the effects pro- 
duced by gonadotropic agents. At one time Evans el al. (1) 
claimed a separation of the “antagonist”^ from their so called 
interstitial cell-stimulating hormone, but recentlj’’ have stated 
that the assumption of a separate antagonist apart from the 
interstitial cell-stimulating hormone appears imjustified (2), 
Bunde and Hellbaum (3), however, have studied the stability 
of the “antagonist” at various pH levels and at 100°, and found 
that it is stable under conditions which destroy the gonadotropic 
fractions. The purpose of this study is to compare the “antago- 
nist” with the gonadotropic substances pre\dously studied in this 
laboratory (4-6) in regard to stability and reactmty to a wide 
range of chemical reactions, in an effort to establish a chemical 
difference. Since the response to gonadotropic e.xtracts of pitui- 
tary origin is largely dependent upon the rate of resorption, as 
shown by subcutaneous injections (7), this factor must be con- 
sidered in any interpretation of results. It was necessary in this 
study to establish the influence of delayed resorption or its equiva- 
lent, di\dded dosage, in the case of intraperitoneal injections. 
That this influence might be of the greatest importance was sug- 
gested by the contrary conclusions recently reached by two work- 
ers in the field.^ 

* The use of the terms antagonist, follicle-stimulating hormone, luteiniz- 
ing hormone, and interstitial cell-stimulating hormone does not imply the 
acceptance of these concepts as scientifically established. They are used 
to connotate effects produced by certain pituitary' extracts under very 
arbitrary experimental conditions as described in the hormone literature. 

- Fevold (8), comparing the response of rats to intraperitoneal injection 
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EXPERIMENTAL 

Assay for Antagonist— The pituitary gonadotropic preparation, 
which has been kept as a powder since 1935 and used in a number 
of studies (6, 7), was found to manifest the antagonist effect to a 
high degree and was used in the present studies. The measure 
of its effectiveness is given in Table I and serves as the basis for 
its assay. The gonadotropic effect observed when 1 mg. of the 
preparation is given subcutaneously is reduced by approximately 
80 per cent when 1 mg. of the same preparation is simultaneously- 
injected intraperitoneally. 0.25 mg. given intraperitoneally 
reduced the effect 50 per cent. 


Table I 

Assay of Standard Gonadotropic Powder for '‘Antagonist’’ 


Subcutaneous doso 
per rat* 

Intraperitoneal dose 
per rat 

Average ovarian 
weight at end of 
experimentf 

No. of rats used 

mp. 

mp. 

mp. 


1.0 


111 ± 11 

9 

1.0 


30 ± 3 

8 

1.0 


39 ± 3 

9 

1.0 


63 zt 9 

6 

0.5 


50 ± 6 

6 

0.5 

0.5 

21 ± 1 

6 


1.0 

16 ± 1 

6 


* 0.5 mg. of Cu as CuSO^ per dose per rat was added and the pH adjusted 
to 8.5. 

t Mean plus standard deviation of the mean. 


In the assay of the chemically treated preparations groups of 
22 to 23 day-old female litter mate rats were used. All the rats 
received subcutaneously 1 mg. of hypophyseal preparation, aug- 
mented -with 0.5 mg. of Cu as GuSOd. A division of the group 


with the response to subcutaneous injection, has concluded that his so 
called follicle-stimulating hormone is ineffective when injected into the 
peritoneal cavity, while his so called luteinizing hormone is as effective 
when injected intraperitoneally as when injected subcutaneously. Jensen 
et al. (2), however, report that their follicle-stimulating fraction is effec- 
tive in normal or hypophysectomized rats, whether subcutaneous or intra- 
peritoneal injections were made. 
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received in addition 1 mg. of the preparation intraperitoneally. 
Another di\dsion or other di^nsions of the group received in addi- 
tion an equivalent of 1 mg. of the chemically treated preparation 
intraperitoneally. Copper vras added only to the preparations 
given subcutaneously, its addition assuring delayed resorption 
and maximum response (7). By using six rats per preparation 

Table II 


Influence of Divided Dosage and Injection Route upon Ovarian Response 


Erperi- 

ment 

No. 

Total doee per rat 

Iniec- 
tion 
' route 

No. of 
intra- 
t pcri- 
1 toneal 
' injec- 
tions 
per day 

Orsrian 
, weight 

1 

i 

[Uterine 
j weight 

i No. of 
i rats 

1 used 



1 


w. 

1 ns. 


1 

1 mg. 

I-* 

1 

16 

27 

5 


1 " 

it 

5 

28 

63 

5 


J 

ri » 

it 

1 

25 


5 


1 

[1 “ +0.5 mg. Cu 

s. 






J 


I.* 

5 

55 


5 



11 “ + 0.5 mg. Cu 

s. 





2 

1 “ 

I.t 

1 

17 

25 

4 


1 “ 

it 

5 

29 

64 

4 

3 

0.5 “ + 0.5 mg. Cu 

s. 


50 


6 


[0.5 " +0.5 •' •• 

tf 


43 1 


5 


\0.5 » 

tt 






[0.5 " 0.5 mg. Cu 

it 


21 


6 


\0.5 “ 

I. 

1 

1 



4 

0.5 “ + 0.5 mg. Cu 

s. 


62 + 7 


12 


[0.5 “ +0.5 “ " 

ft 


37 + 3 


12 


U “ 

tt 






I. = intraperitonealjS. = subcutaneous. 
* In a concentration of 1 mg. in 1 cc. 
t In a concentration of 1 mg. in 2 cc. 


it -was possible to detect the survival of 25 per cent of the antago- 
nist. The destruction of less than 50 per cent of the antagonist 
was not measurable by the assay as performed. In all cases, 
dosage was performed once daily for 4 days, the animals being 
sacrificed the 5th day. 

Influence of Divided Dosage — When the intraperitoneal dosage 
was made in five injections instead of one daily injection the 
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Table III 


Stability and Reactivity of Antagonist to Chemical Reactions 


Expcri- 

mont 

No. 

Treatment of material injected intraperitoncally 

Mean ovnr. 
inn weight 
increase ns 
per cent of 
that pro- 
duced by 
eubcutane- 
ous injec- 
tion alone 

No. of rats 
used 



per cent 


1 

Untreated 

19 

6 


7 mg. powder, 2 cc. HjO, 200 mg. NaHCOj, 70 
mg. (CH 3 C 0 ) 20 , 24 hrs. 

126 

6 

2 

Untreated 

30 

7 


10 mg, powder, 2 cc. HjO, 250 mg. NaHCOa, 70 
mg, (CH 3 )jS 04 , 24 hrs. 

103 

7 


10 mg. powder, 2 cc. HjO, 250 mg. NaHCOa, 40 
mg. /3-naphthoquinone sulfonate, 24 hrs. 

84 

7 

3 

Untreated 

16 

6 

1 

20 mg. powder, 2 cc. HaO, 0.1 cc. CHsCOOH, 
0.25 cc. 0.1 N I, 3 hrs., then 0.25 cc. 0.1 n 
NaaSjOs, then pH 6.0 

32 

6 

4 

Untreated 

13 

7 


100 mg, powder, 7 cc. HjO, 8 cc. buffer pH 5.8 , 1 
cc. 0.1 N I, 2 hrs., then pptn. with acetone 

77 

7 

6 

Untreated 

27 

7 


15 mg. powder, 7 cc. HjO, 100 mg. NaHCOs, 
0.25 cc. 0.1 N 1, 1 hr. 

93 

7 

6 

10 mg, powder, 2 cc. H 2 O, 30 mg. CH 3 COOH, 

1 hr., then pH 6.0 

52 

7 


20 mg. powder, 4 cc. H 2 O, 60 mg. (CHsCOlaO, 

1 hr., then alcoholic pptn. 

77 

6 

7 

Untreated 

20 

7 


20 mg. powder, 5 cc. H 2 O, pH 6.5, heated 2 hrs., 
at 98° 

106 

7 

8 

Untreated 

14 

6 


10 mg. powder, 2 cc. H 2 O, pH 6.5, heated 2 min. 
at 98° 

77 

6 

9 

Untreated 

23 

6 


10 mg. powder, 10 mg. cysteine HCl, 4 cc. H 2 O, 
pH 4.0, 1st dose after 1 hr. 

38 

6 

10 

Untreated 

20 

4 


30 mg. powder, 200 mg. NaHCOs, 60 mg. cys- 
teine HCl, 10 cc. H 2 O under oil 48 hrs. 

68 

4 

11 

Untreated 

18 

6 


10 mg. powder, 5 cc. H 2 O, 200 mg. NaHCOs, 20 
mg. diazobenzene sulfonate, 1 hr. j 

76 

6 
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antagonist effect -was reduced by 50 to 75 per cent (Experiment 1, 
Table II). Moreover, intraperitoneal injections alone when given 
in sufficient number produced considerable follicle stimulation, 
so that we are forced to disagree with Fevold (8) that the intra- 
peritoneal route fails to produce follicle stimulation (see Experi- 
ments 1 and 2, Table II). The most illuminating effect is, how- 
ever, suggested in Experiment 3 and demonstrated in Experiment 
4, Table II, in which it is clearly shown that the antagonist effect 
may be produced by use of the subcutaneous injection route. 
The gonadotropic effect observed when 0.5 mg. of the preparation, 
augmented Mth copper to delay resorption, is given subcu- 
taneously is reduced by approximately 50 per cent when 1 mg. of 
the same preparation udthout the addition of copper is simul- 
taneously injected subcutaneously in another area. 

Chemical Reactions — In Table III are recorded the effects by 
intraperitoneal injection of the chemically treated preparations 
compared in litter mates mth the effects of the untreated prepara- 
tion in reducing the increase in ovarian weight produced by sub- 
cutaneous injection alone; the increase produced by subcutaneous 
injection alone has arbitrarily been assigned a value of 100 per cent. 

The results indicate that complete or nearly complete destruc- 
tion of the antagonist was brought about in mildly alkaline solu- 
tion by acetic anhydride, dimethyl sulfate, ^-naphthoquinone 
sulfonate, idodine, and diazobenzene sulfonate. At pH 6.5, 
2 hours heating of the solution at 98° resulted in complete in- 
activation. 2 minutes heating produced almost complete in- 
activation. Standing 1 hour in 1.5 per cent acetic acid solution 
produced considerable inactivation. The same concentration of 
acetic anhydride caused further inactivation. In acetic acid 
solution, iodine produced precipitation with little loss of activity. 
Cysteine in acid solution produced little inactivation. In mildly 
alkaline solution, in excess, and on prolonged treatment, consider- 
able inactivation resulted. 


DISCUSSION 

In these studies, no difference in behavior between the antago- 
nist and the gonadotropic pituitary preparation (4, 5) with respect 
to chemical reaction is noted. We preidously reported that the 
pituitary preparation is more sensitive to methylation (5) than 
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the urinary or mare serum gonadotropic hormones, and Fraenkel- 
Conrat et aU (9) have reported greater sensitivity of the former to 
prolonged cysteine treatment. There is, consequently, chemical 
evidence that urinary prolan and the mare serum hormone are 
not identical with the so called luteinizing hormone, interstitial 
cell-stimulating hormone, or antagonist fractions. However, no 
difference in chemical reactivity for the so called luteinizing, 
follicle-stimulating, and antagonist fractions is thus far forthcom- 
ing.^ The report of Bunde and Hellbaum that the antagonist 
survives 100° while the gonadotropic activity is destroyed was 
not confirmed by the behavior of our extract. Bunde and Hell- 
baum did not assure maximum gonadotropic response by delayed 
resorption in their assay and consequently complicated their 
whole study. 

The protagonists for the multiple hormone theory have shown 
that it is possible to separate two fractions from the pituitary: 
one which under arbitrary conditions of assay will show follicle 
stimulation before interstitial cell stimulation; the other under 
the same arbitrary conditions of assay will show interstitial cell 
stimulation before follicle stimulation. The antagonistic effect 
is revealed in both fractions, depending on the assay procedure, 
and the luteinizing hormone effect has never been divorced from 
the follicle-stimulating fraction; even the advocates of the dual 
hormone theory have now abandoned luteinization as a point of 
differentiation. 

Those opposed to the multiple hormone theory have shown that 
it is possible to produce follicle stimulation, luteinization, or 
antagonism at will with an unfractionated extract, depending upon 
the manipulation of dose and rate of resorption. They have also 

^ Since Fraenkel-Conrat e( al. did not consider the alternate possibility 
that cysteine action might change the rate of resorption, their statement 
was not proved. We have repeated the e.xperiment of Fraenkel-Conrat 
et al., assaying the reaction products by procedures employing delayed 
resorption and divided dosage. Our results indicate that the action of 
cysteine is not due to a change in resorption but to a chemical inactivation. 
However, since the inactivation by cysteine is brought about only by pro- 
longed action and in great excess of cysteine, the inactivation may be due 
to reaction products of impurities. 

^ A supposed difference recently reported by Fevold (8) has been shown 
by Biachoff (10) to be a question of delayed resorption. 
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changed the response to the fractionated preparations but the 
reversal of the response to a miniTrmm effective dose has not yet 
been attained. This in the final analysis constitutes the only 
reason for a multiple hormone concept. Since no differences in 
chemical behavior are forthcoming, and since the specific effects 
(lack of follicle stimulation and production of antagonism) pro- 
duced by intraperitoneal injections may be abolished by di\dded 
dosage, we must conclude that the criteria existing for differen- 
tiating multiple pituitaiy gonadotropic fractions are so artificial 
that it were better to abandon them. 

SXJMMAKT 

1. In disagreement with the findings of others, we have found 
that follicle stimulation can be promoted by intraperitoneal iu- 
jections of pituitary gonadotropic extracts; the “antagonist” 
effect can be produced by subcutaneous injection. Either effect 
is produced by regulation of the rate of resorption. 

2. No difference in response to a wide range of chemical re- 
actions was foimd between the “antagonist” and the gonado- 
tropic factor. The reactions included acetylation, methylation, 
reaction with fi-naphthoquinone sulfonate, with iodine, with 
diazobenzene sulfonate, or with cysteine, and heat treatment. 

3. The existence of the luteinizing and “antagonist” fractions 
as separate and distinct hormones is not borne out by these ob- 
servations. 
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LETTERS TO THE EDITORS 


THE OXEDATION-KEDTJCTION POTENTIAL OF 
COENZYME I 


Sirs: 

The oxidation-reduction potential of cozymase (diphospho- 
pjTidine nucleotide) was calculated from the free energies of 
formation of aqueous d-alanine and d-glutamic acid based on 
thermal data, and the equilibria measured by Wurmser and 
Filitti-Wurmseri for pyruvate -f 2H+ -f 2(e) alanine -f HjO, 
by Cohen- for a-ketoglutarate + alanine d-glutamate and 
pyruvate, and by von Euler et aU for the reaction a-ketoglutarate 
d-NHf 4- reduced cozymase glutamate -f- oxidized cozymase. 
The value for the potential so calculated is at 30° E'o — —0.072 — 
0.03 pH ± 0.0008 volt. 

Its temperature coefficient is AE/AT - —0.00043, calculated 
from the data given by von Euler, Adler, Gunther, and Hellstrom^ 
and by Barron and Hastings.® 

As a check on the accuracy of this calculated value of E it 
was used to calculate —AF for the reaction acetaldehyde (aqueous) 
•+• 2H+ + 2(e) — > ethyl alcohol (aqueous) from the equilibrium 
constant for acetaldehyde reduced cozymase ethyl alcohol 
+ oxidized cozymase determined by Negelein and Wulff.® This 
constant (corrected for temperature) and the above value of E 
give_-AF for acetaldehyde -> alcohol at 25° as 11,620 calories. 
— AF calculated from the best thermal and ancillary data is 
11,730 calories. 


' Wurmser, R., and Filitti-Wurmser, S., Compt. Tend. Soc. biol., 128, 
133 (1938). 

* Cohen, P., Biochem. J., 33, 1478 (1939). 

' von Euler, H., Adler, E., Gunther, G., and Das, N. B., Z. physiol 
Chem., 264, 61 (1938). 

^ von Euler, H.. Adler, E., Gunther, G., and Hellstrom, H., Z. physiol 
Chem., 246, 217 (1937). 

‘ Barron, E. S, G., and Hastings, A. B., J. Biol. Chem., 107, 567 (1934). 
' Eegelein, E., and Wulff, H.-J., Biochem. Z., 293, 351 (1937). 
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The data of Green and Dewan’ on the reaction acetoacetate + 
reduced cozymase — > /5-hydroxybutyric acid + oxidized cozymase, 
and the E'o values of Hoff-Jdrgensen^ for the acetoacetate -> 
/8-hydroxybutyrate give E'q for the cozymase (corrected to 30°) 
at pH 7.0 —0.289, —0.275, and —0.274. The calculated value is 
-0.282. 

Ball and RamsdelP recently reported for cozymase a tentative 
value of jE?'o at pH 7.2 and 25° of —0.26 volt. The difference 
between this and the above calculated value (more than 0.020 volt) 
may possibly reside in Ball and Ramsdell’s having used a flavo- 
protein as enzyme. With this protein the ratio of the association 
constants for the reduced and oxidized cozymase may be very 
different from those with the proteins of the glutamic acid, ethyl 
alcohol, and /3-hydroxybutyric acid dehydrogenases. 

William G. Kerckhoff Laboratories of the Henry Bobsook 

Biological Sciences 
California Institute of Technology 
Pasadena 

Received for publication, February 21, 1940 


’’ Green, D. E., and Dewan, J. C., Biochem. J., 31, 1069 (1937). 

® Hoff-J0rgensen, E., Skand. Arch. Physiol., 80, 176 (1938). 

^ Ball, E. G., and Ramsdell, P. A., J. Biol. Chem., 131, 767 (1939). 


EFFECT OF YEAST EXTRACT AND OTHER SUPPLE- 
MENTS ON THE GROWTH OF CHICKS FED 
SIMPLIFIED DIETS 


Sirs: 

Vitamin Be deficiency in chicks was produced* by use of a 
simplified diet containing a phosphotmigstic acid filtrate of yeast 
extract as a source of pantothenic acid. It was subsequently 
obseiamd that such a diet, even when supplemented with vitamin 
Be, was deficient for chicks, depending on the degree of purification 
of the pantothenic acid preparation. Such a diet was used in this 
investigation. A slight but definite stimulation of growth was 
produced by choline in two experiments. Marked stimulation 
of growth was produced by a crude solution prepared by extracting 
yeast with 50 per cent ethanol, but a separate experiment showed 
that the growth-promoting factor was absent from the j'east 
phosphotimgstic acid filtrate. Nicotinic acid produced no 
additional growth. Basal Diet I consisted of glucose (cerelose) 
55 gm., sardine meal (fat-extracted) 20, lard 5, gelatin 5, washed 
casein 5, lactose 5, fortified sardine oil (3000-A, 400-D) 0.3, 
ground limestone 1, iodized salt 0.5, bone ash 0.3, KH 2 PO 4 0.2, 
MgS 04 0.15, ferric citrate 0.1, MnS 04 0.1, ZnO 3 mg., CuCOs 
3 mg., thiamine^ 0.4 mg., riboflavin* 0.6 mg., vitamin Be* 0.3 mg., 
alfalfa hexane extract equivalent to 1 gm. of alfalfa meal, and 
yeast phosphotungstic acid filtrate containing 2 mg. of pantothenic 
acid as measmed by biological assay with chicks.® Vitamins A 
and E were fed separately. Eight chicks were placed on each 
diet at hatching. 

In a simultaneous experiment, chicks from the same hatch as in 
the preceding experiment were fed Diet II consisting of ground 
polished rice 67.5 gm., washed sardine meal® 24, salt mixture* 

* Jukes, T. H., Proc. Soc. Exp. Biol, and Med., 42, 180 (1939). 

’ Kindly supplied by Merck and Co., Inc., Rahway, New Jersey. 

* Jukes, T. H., J. Biol. Chem., 117, 11 (1937); 129, 225 (1939). 

® Stokstad, E. L. R., Mannin g, P. D. V., and Rogers, R. E., J. Biol. 
Chem., 132, 463 (1940). 
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2.6, soy bean oil 3, fortified sardine oil 0.5, thiamine, riboflavin, 
vitamin Be, pantothenic acid preparation, vitamins A and E, and 
alfalfa hexane extract as above, nicotinic acid 1 mg. This diet is 
similar to the basal diet of Stokstad, Manning, and Rogers,^ 
except for certain additions, notably vitamin Be, and for the 
difference in the respective sources of pantothenic acid. 

The tabulated results confirm the observation of Stokstad, 
Manning, and Rogers^ that there is a growth-promoting factor in 


Group 

No. 

Diet 

No. 

Supplement per 100 gm. diet 

Weight, gm. 

Hatching 

15 days 

21 days 

1 

I 

1 mg. nicotinic acid 

39 

68 

74 

2 

I 

0.25 gm. choline chloride 

38 

78 

90 

3 

I 

0.25 “ " “ +lmg. 

nicotinic acid 

39 

77 

89 

4 

I 

4 cc. Yeast Extract 1 

39 

94 

123 

5 

II 

None 

41 

73 

88 

6 

II 

0.25 gm. choline chloride 

41 

78 

94 

7 

II 

4 cc. Yeast Extract 1, treated with 
nitrous acid 

42 

80 

92 

8 

II 

4 gm. dried brewers’ yeast, auto- 
claved 4 hrs. at 120° 

41 


118 

9 

II 

1 

4 gm. dried brewers’ yeast 

41 

107 

152 


yeast distinct from the five known members of the vitamin B 
complex. The results also indicate that the factor is distinct 
from choline, although choline may exert a slight effect on growth, 
and that the factor is destroyed by nitrous acid and is somewhat 
labile to autoclaving. A separate experiment showed that the 
pantothenic acid content of Yeast Extract 1 was not destroyed 
by the treatment with nitrous acid. 

Division of Poultry Husbandry Thomas H. Jukes 

College of Agriculture 
University of California 
Davis 

Received for publication, February 24, 1940 








THE BIOLOGICAL FORMATION OF CREATINE 


Sirs: 

In the course of experiments in which nitrogenous compounds 
containing were given to normal rats creatine was isolated 
from the muscles. Those samples of creatine obtained from rats 
given moderate amoimts of dZ-tyrosine, Z(— )-leucine, ammonia, 
or mea had only a very small isotope content. When large 
amounts of ammonia were added to the protein-low diet of im- 
matiure rats, the creatine had a considerable content of In 
contrast to these substances, isotopic glycine, even when ^ven 
in small amounts, leads to the formation of creatine with a high 
isotope content. This is in accord with the resxilts obtained by 
Brand et al} in muscular dystrophy. The two preparations 
obtained after feeding of isotopic glycine and of anunonia re- 
spectively are fundamentally different, as shown by degradation. 
They were heated with strong alkali and the resulting ammonia 
and sarcosine (isolated as the napbthalenesulfonyl derivative) 
were subjected to isotope analysis. When isotopic ammonia 
was given, most of the isotope in the creatine was recovered with 
the ammonia (derived from the amidine group NHj — C=NH) 

I 

and only a little was in the sarcosine. The feeding of glycine 
has the reverse effect: almost all of the isotope was in the sarcosine 
and practically none in the ammonia. The results indicate that 
creatine is formed with nitrogen from two different sources: that 
of the amidine group comes from ammonia (i.e. from nitrogen 
hberated from amino acids) and that of the sarcosine part comes 
from glycine. 

A number of substances suggested to be intermediates in 
creatine formation have been tested by feeding their isotopic 
analogues. Sarcosine (prepared by methylation of isotopic 

‘ Brand, E., Harris, M. M., Sandberg, M., and Ringer, A. I., Am. J. 
Physiol., 90, 296 (1929). Brand, E., and Harris, M. M., Science, 77, 2007 
(1933). 
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glycine) is as effective a creatine producer as glycine. However, 
its ingestion leads to the deposition in the proteins of isotopic 
glycine to the same extent as when glycine is fed. Sarcosine 
therefore appears not to be a normal intermediate in the formation 
of creatine but leads to its production by demethylation to glycine. 
Hydantoic acid (prepared from isotopic glycine) and methyl- 
hydantoic acid (prepared from isotopic sarcosine) are completely 
ineffective; they are not creatine precursors. Guanidoacetic 
acid (prepared from isotopic glycine with cyanamide) is the 
most potent producer of isotopic creatine as yet investigated. 
It yields muscle creatine with about the same isotope content as 
is found after the ingestion of an equivalent amount of isotopic 
creatine. These results indicate that the biological formation of 
creatine involves direct conversion of glycine to guanidoacetic 
acid, which is then rapidly methylated. 

Histidine can be ruled out as a creatine precursor. The imid- 
azole ring of histidine isolated from rats that had produced isotopic 
creatine contained no isotope. The r61e of arginine as a creatine 
precursor is being investigated with the aid of isotopic arginine. 

Department of Biochemistry Konrad Bloch 

College of Physicians and Surgeons Rudolf Schoenhbimer 

Columbia University 
New York 

Received for publication, Pebruary 29, 1940 



A SUBSTITUTE FOR BILE SALTS FOR ADMINISTRATION 
WITH SUBSTANCES POSSESSING VITAMIN K ACTIVITY 

Sirs: 

It is generally accepted that vitamin K and substances pos- 
sessing vitamin K activity are absorbed from the gastrointestinal 
tract only in the presence of bile or bile salts. It occurred to us 
that the value of bile salts in this instance may be due to their 
non-specific factor of high surface activity. Search for a non- 
toxic highly surface-active substance, to test this theory, led to 
the selection of dioctyl sodium sulfosuccinate. 

Two batches of capsules were prepared, one batch containing, 
dissolved in oil, 25 mg. of 2-methyl-l, 4-naphthoquinone in each 
capsule, and the other containing the same amount of the quinone 
and in addition 60 mg. of dioctyl sodium sulfosuccinate. In each 
of three cases with prolonged prothrombin times studied to date, 
the clotting activity in per cent of normal was determined (1) 
before medication, (2) 48 hours after therapy with 2-methyl- 
1 ,4-naphthoquinone (25 mg., three times in 24 hours for 2 days) 
was begun, and (3) 48 hours after therapy with 2-methyl-l, 4- 
naphthoquinone and dioctyl sodium sulfosuccinate (25 mg. of 
2-methyl-l, 4-naphthoquinone and 60 mg. of dioctyl sodium 
sulfosuccinate, three times in 24 hours for 2 days) was begun. 
In each case the prothrombin time failed to decrease except after 
treatment with the 2-methyl-l ,4r-naphthoquinone-dioctyl sodium 
sulfosuccinate combination. 

The observations are indeed few but the uniformity of the 
results is such as to lead us to record them at this time. Other 
cases are being studied as they present themselves. 

Further consideration arises as to what r61e such surface-active 
substances may play in fat transport generally. 

Research Laboraiories V.ttra Lozinski 

Charles E. Frosst and Company Rudolph Gottlieb 

Eaemalological Lahoralory 
J ewish General Hospital 
Montreal 

Received for publication, March 6, 1940 
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FRACTIONATION OF THE FACTOR PREVENTING 
NUTRITIONAL ACHROMOTRICHIA 


Sirs: 

In a previous paper by Oleson el aU it was shown that certain 
fractions from liver extract were highly active in preventing 
achromotrichia in piebald rats on a basal ration low in certain 
members of the vitamin B complex. In this note we wish to 
describe further concentration of the factor specifically active in 
preventing the graying. We have continued to use the ration 
described previously, although we realize that it is lacking in 
some of the known growth factors. We have obtained graying 
in all animals placed on this ration and have not seen any addi- 
tional symptoms such as the cutaneous lesions noted by Gyorgy 
et aU 

In the fractionation work we used liver extract fractions kindly 
supplied by Dr. David Klein of The Wilson Laboratories. A 
100 gm. lot of the extract was diluted, acidified to approximately 
pH 3, treated with norit, and the norit eluted with 5 per cent 
ammonium hydroxide. The eluate was acidified, treated with 
norit, and the norit eluted with boiling butanol. The butanol 
was removed in vacuo, and the residue acidified to approximately 
pH 2 and extracted continuously with ether. The ether was 
removed in vacuo, the extract taken up in water, treated with 
barium hydroxide, and the aqueous solution extracted con- 
tinuously with chloroform. 

The chloroform extract fed at a level equal to 0.5 gm. of liver 
extract or 70 y of total solids per day prevented graying. This 
daily dose contained less than 1.5 -y of pantothenic acid as assayed 
by the bacterial method of SneU et al.f therefore we believe that 

* Oleson, J. J., Elvebjem, C. A., and Hart, E. B., Proc. Soc. Exp. Biol, 
and Med., 42, 283 (1939). 

’ Gyorgy, P., Poling, C. E., and Subbarow, Y., J. Biol. Chem., 132, 
789 (1940). 

• Snell, E. E., Strong, F. M., and Peterson, W.- H., Biochem. J., 31, 
1789 (1937). 
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the factor preventing nutritional achromotrichia should be clearly 
differentiated from pantothenic acid. Since factor W appears to 
be insoluble in chloroform, the above separation differentiates 
this factor and factor W. 

A crystalline material was obtained from the chloroform extract 
by fractional crystallization with ethyl acetate; when fed at 
15 7 per rat per day, it prevented the achromotrichia. The 
residue from the chloroform extract after removal of the crystal- 
line material failed to prevent graying when fed at twice the 
original level. 

The yield of crystalline material obtained was 0.4 mg. per 100 
gm. of original liver extract. Further work is now in progress in 
order to obtain sufficient material for chemical characterization. 

In summary, a method for concentrating the factor concerned 
in the prevention of achromotrichia is described which yields 
crystalline material. This material is highly active and appears 
to be distinct from the well recognized members of the vitamin 
B complex. 

Department of Biochemistry Edward Nielsen 

College of Agriculture J. J. Oleson 

University of Wisconsin C. A. Elvehjem 

Madison 

Received for publication, March 14, 1940 



THE ACTIVATION OF DIPEPTIDASES 


Sirs: 

The instability of dipeptidases from various sources and the 
difficulties involved in their purification and isolation are well 


Subsliat© 

Addition 

Dialyred 

yeast 

autolysate 

Hydrolysis 

Dialyzed 

hog 

inlcstinol 

extract 

I,* per cent 

Chick 

intestinal 

extract 

BacUlua 

mesaihe- 

ritim 

Diglycine 

None 

4 

11 

40 

1 


Mn-cysteinef 

34 

42 

62 

48 

dl-Prolylglycine 

None 

6 

22 

12 

0 


Mn-cysteine 

42 

44 

30 

36 

dl-Leucylglycine 

None 

18 

25 

56 

1 


Mn-cysteine 

50 

84 

36 

50 

df-Alanylglycine 

None 

58 

67 

74 

1 


Mn-cysteine 

32 

44 

22 

90 

d-Leucylglycine 

None 

5 

0 


0 


Mn-cysteine 

58 

34 


47 

Relativef activi- 

df-Prolylglycine 

0.6 

1.0 

0.5 

0.8 

ties (rate of di- 

di-Leucylglycine 

1.5 

4.0 

0.9 

2.1 

glycine splitting 

df-Alanylglycine 

3.4 

3.2 

6.0 

3.7 

= 1.0) 

d-Leucylglycine 

0.05 

0.06§ 


1.0 


* Racemic substrates were present in m/15 concentration, diglycine in 
m/30; pH 7.8 to 8.0. The per cent hydrolysis of one optical component 
is indicated. 

t 0.001 M MnSOi plus 0.003 m cysteine. 

t The relative activities were calculated from hydrolysis values obtained 
in the presence of activator, except when addition of the activator mixture 
caused inhibition, in which case the value obtained with enzyme alone was 
used. The relative activities take into account the varying amounts of 
enzyme solution and the different incubation periods used in order to ob- 
tain hydrolysis values between 20 and 80 per cent. The incubation periods 
varied from 0.5 to 4 hours, and 0.05 to 0.75 cc. of enzyme solution was used 
in 3 cc. of reaction mixture. 

§ This value was obtained with an undialyzed preparation. 

known. In the course of attempts to isolate a yeast dipeptidase, 
it was found that a combination of metal and reducing agent 
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was required as an activator. Metal or reducing agent alone 
may cause a substantial activation, but a combination of the two 
is usually far superior. For the yeast dipeptidase, Mn++ or 
Fe++ may serve as the metal, and cysteine, glutathione, or tliio- 
glycolic acid may serve as the reducing agent. Mn++-cysteine 
has been the most reliable combination. 

Not only yeast dipeptidase, but dipeptidases from hog intestinal 
mucosa and from many other sources are similarly activated by 
Mn++ or Mn++-cysteine. Representative data are given in the 
accompanying table. 'It may be seen that the hydrolysis of 
diglycine and prolylglycine is activated by Mn'^-cj'^steine in 
all cases. It has been found that the hydrolj’^sis of all four di- 
peptides is activatable in some peptidase s3’^stems, e.g. Badlliis 
megailierium, while the hydrolysis of alanylglj'^cine frequently, 
and leucjdglycine occasionallj’-, is inhibited by Mn++-C3^steine. It 
is therefore apparent that a very appreciable portion of the ac- 
tivit3'' former^’’ attributed to the "dipeptidase” and “prolinase” 
of erepsin and yeast is due to an enzyme characterized by Mn- 
cysteine activation. 

Contrary to previous literature, many common proteolytic 
systems are capable of hydrolyzing the “unnatural” peptide 
d-leucylglycine. However, an activator such as Mn-cysteine is 
usuall3'' required to make this apparent. It has been found that 
hog erepsin, yeast autol3'sates, malt extracts, and preparations 
from Bacillus megatherium and Leuconosloc mesenteroides are all 
able to split d-leucylglycine at an appreciable rate. 

Departments of Biochemistry Julius Berger 

and Agricultural Bacteriology Marvin J. Johnson 

University of Wisconsin 
Madison 
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GLUCOSE OXIDATION AND PHOSPHORYLATION 


Sirs: 

It was shown^ that phosphorylation of glucose in kidney ex- 
tract is linked mth the oxidation of succinic to fumaric acid and 
it was suggested that other substrates whose oxidation involves 
fumaric acid catalysis may be concerned with phosphoiylation. 
In the experiments vdth a dialyzed kidney extract presented 
in the accompanying table addition of a small amount of fumaric 
acid catalyzes the oxidation of both glucose and pyruvic acid 
if no fluoride is present. When fluoride is added, fumaric acid 
no longer catalyzes the oxidation of glucose, while it still does 
so in the case of pyruvic acid. 


1 ec. extract + 0.4 cc. additions 

Without fluoride 

With fluoride (0.02 m) 

0, 

Inorj^ie 

P 

Oj 

Inorffanle 

P 



mg. 

c.inT7u 

mg. 

10 mg. glucose 

234 

1.60 

77 

1.55 

8 " pynivic acid + glucose 

234 

1.60 

172 


0.4 “ fumaric " + 

959 

1.20 

266 

0.92 

0.4 “ “ “ + pyruvic acid 

+ glucose 

804 

1.06 

646 

0.05 


The explanation is that glucose in order to be oxidized by this 
system must first be transformed to pjTnvic acid, a reaction 
which involves an initial phosphorylation of the glucose molecule, 
followed by dephosphorylation to pjwuvic acid and inorganic 
phosphate. Fluoride inhibits dephosphoiylation and thus pre- 
vents the formation of pyruvic acid, the oxidation of which is 
necessary for the phosphorylation of glucose. 

The experiments show that phosphorjdation of glucose precedes 
its oxidation and that fumaric acid catalysis is an essential linV 

1 Colowick, S. P., Welch, M. S., and Con, C. F., J. Biol. Ckem., 133, 
359 (1940). 


641 















642 


Letters to the Editors 


between phosphorylation and oxidation, 
glucose phosphorylation on the oxidation 
also been demonstrated in a brain extract. 

Department of Pharmacology 
Washington University School of Medicine 
St. Louis 

Received for publication, March 18, 1940 
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METABOLISM OF d-MAHNOHEPTULOSE, EXCRETION 
OF THE SUGAR AFTER EATING AVOCADO 


Br N. R. BLATHERWICK, HARDY VT. LARSON, A^-D 
SUSAN D. SAWYER 

{From the Biochemical Lahoralory of the Metropolitan Life Insurance 
Company, New York) 

(Received for publication, January 20, 1940) 

Roe and Hudson (1) administered d-mannoheptulose^ to rabbits 
and concluded from their experiments that this sugar is available 
to this animal. The same authors (2) later concluded that the 
rat and the dog were unable to utilize the sugar. Unpublished 
experiments performed in this laboratory gave no eiridence of 
glycogen formation when mannoheptulose was given by stomach 
tube to rats. In view of the fact that this sugar occurs free in the 
avocado, and as this fruit is becoming more popular, it seemed im- 
portant to study the metabolism of mannoheptulose in man. 
Consequently, we have obser\'ed the excretion of fermentable and 
non-fermentable sugars after the ingestion of avocado or solutions 
of mannoheptulose.^ 


Methods 

The subjects for the experiments were normal men and women 
employed in the laboratory. The experiments began at 9.30 a.m., 
when the fruit or sugar was ingested. Following this, 2 hour 
specimens of urine were collected up to the end of the 6th hour. 
An imtimed preliminary specimen was included to show that 
abnormal quantities of sugar were not present. In the first two 
series of experiments breakfast was allowed and the usual midday 
meal came within the 2 to 4 hour period. In the last series of 

* This sugar will be referred to simply as mannoheptulose throughout 
the paper. 

’We are indebted to Dr. Carl L. Alsberg for calling our attention to the 
possibility that sugar might appear in the urine after avocado was eaten. 
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experiments the subjects had breakfast but did not have the mid- 
day meal, and the preliminary urine specimen was timed. 

Approximate determination of the urine sugar concentration 
was made by Benedict and Osterberg’s picrate method (3) and 
then appropriate dilutions were made for the determination by 
the method of Shaffer and Somogyi (4). Interfering substances 
were removed before this determination by shaking the diluted 
urine with Lloyd's reagent and permutit. The non-fermentable 
sugar values were obtained by fermentation with washed yeast 
(5). In several cases, mannoheptulose was determined by a 
modification of Roe’s fructose method (6). This method^ was 
carried out as follows: 2 cc. of urine were diluted 1:10 with 1 per 
cent acetic acid, treated with 0.2 gm. of acid-washed norit for 5 
minutes, and filtered. To 2 cc. of this filtrate were added 4 cc. 
of a 0.1 per cent alcoholic resorcinol solution and 5 cc. of con- 
centrated HCI solution containing about 1 per cent SnCJlj. The 
mixture was heated in a water bath at a temperature of 80° and 
then read in a colorimeter against a 0.02 or 0.03 per cent man- 
noheptulose standard treated in the same way. The color pro- 
duced in the Seliwanoff reaction by mannoheptulose is much less 
than that given by fructose. 

Mannoheptulose was isolated from the Trapp variety of a\’ 0 - 
cado by the methods of La Forge (7) and Montgomery and Hud- 
son (8). 


EXPERIMENTAL 

The Trapp variety of avocado wms eaten by ten subjects in 
quantities ranging from 137 to 214 gm. Avocados are reported 
to contain from 3 to 7 per cent carbohydrate, but we do not have 
any values for their mannoheptulose content. The results of 
the experiments are given in Table I. It is seen that in every 
case there was a marked increase in the excretion of non-fer- 
mentable sugar which generally reached the maximum value in 
the 2 to 4 hour period. There were at least seven instances in 
which the concentration of non-fermentable sugar was enough 
to give a marked reduction rvith Benedict’s qualitative copper 
reagent. The highest concentration obtained was 0.32 per cent 

^ We are greatly indebted to Dr. Joseph H. Roe for allowing us to use his 
unpublished method for mannoheptulose determination. 
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Table I 


Excretion of Urine Sugar after Ingestion of Avocado 


Subject 

Avocado 

eaten 

Time 

Urine 

volume 

Total 

ferment- 

able 

sugar 

' Non-fermentable ! 
sugar 

Total 
inanno- 
heptu- 
lose as 
glucose 

Per 

100 cc. 

Total 


5m. 

Ars, 

mH' 


, mg. 

vig. 


M. E. 

138 

Before 


13 

20 

33 




0-2 after 


16 

53 

72 




2-4 “ 


SO 

93 

129 




4-6 “ 

288 

16 

44 

127 


L. McC. 

1S6 

Before 

32 

1 

28 

9 




0-2 after 

155 

14 

64 

99 




2-1 “ 

67 

10 

278 

1 186 

146 



4-6 “ 

103 

8 

121 

125 


S. S. 

214 

Before 

460 

8 

6 

28 




0-2 after 

270 

21 

35 

95 




2-4 “ 

240 

116 

76 

182 




4-6 “ 

326 

36 i 

51 

166 


M. C. E. 

152 

Before 

117 

43 

52 

61 




0-2 after 

208 ! 

26 ! 

61 

127 




2-4 “ 

80 

23 

211 

169 

157 



4-6 “ 

66 

8 

165 

109 

85 

H. C. 

137 

Before 

48 

7^ 

105 

50 




0-2 after 

90 

9 

132 

119 

77 



2-4 “ I 

82 

21 

306 

251 

228 



4-6 " 

72 

20 

238 

171 

162 

L. S. 

190 

Before 

87 

11 

49 

43 




0-2 after 

91 

mm 

141 

128 




2-4 “ 

76 

IB 

297 

226 




4-6 “ 

113 

IB 

143 

162 


A. L. 

136 

Before 

125 

IB 

38 

48 




0-2 after 

112 

■I 

139 

156 




2^ “ 

124 

15 

205 

254 

225 



4-6 “ 

131 


132 

173 


J. Q. 

167 

Before 

88 


45 

40 




0-2 after 

44 


no 

48 




2-4 “ 

104 

23 

211 

219 

196 



4-6 “ 

142 

2 

113 

160 


J. T. 

197 

Before 

69 

12 

64 

44 




0-2 after 

102 

8 

148 

151 




2-4 “ 

148 

11 

109 

161 




4-6 " 

145 

10 

120 

174 


B. C. 

153 

Before 

6 

1 

49 

3 




0-2 after 


11 

154 

119 

93 



2-4 “ 

HI 

11 

318 

251 

214 



4-6 “ 

j 93 

8 

162 

151 

115 
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non-fermentable sugar in the 2 to 4 hour period of subject B. C. 
Increased excretion of fermentable sugar was observed seven 
times in the 2 to 4 hour period. The values for mannoheptulose 
by Roe’s method are seen to agree well with the non-fermentable 

Table II 


Excretion of Urine Srtgar after Ingestion of d-Mannohephilosc 


Subject 

Manno- 

hoptu- 

Joso 

ingested 

Time 

Urine 

volume 

Total 

ferment- 

able 

sugar 

Non-fermentablo 

sugar 


Per 
100 cc. 

Total 


gm. 

hrs. 

cc. 

mg. 

mg. 

mp. 

mg. 

L. S. 

10 

Before 

61 

7 

37 

23 




0- 2 after 

95 

25 

203 

193 

175 



2-4 “ 

61 

22 

272 

166 

145 



4-6 “ 

82 

21 

221 

181 

151 



6-7 ” 

36 

3 

125 

45 


H. C. 

5 

Before 

64 

4 

69 

37 




0- 2 after 

85 

14 

173 

147 

140 

1 


2- 4 " 

96 

24 

195 

187 

167 

1 


4- 6 “ 

74 

20 

160 

118 

99 



6- 7 " 

36 

5 

103 

37 


J. T. 

5 

Before 

63 

10 

66 

42 




0- 2 after 

91 

16 

202 

184 

169 



2- 4 “ 

145 

22 

133 

193 




4r-6 " 

134 

! 8 

88 

1 118 




6-7 " 

60 

5 

66 

1 40 


J. Q. 

10 

Before 

48 

8 

42 

20 




0- 2 after 

64 

26 

280 

179 

176 



2- 4 “ 

148 

40 

152 

225 

217 



4- 6 “ 

134 

20 

92 

123 




6- 7 “ 

62 

6 

61 

38 


B. C. 

5 

0- 2 “ 

73 

51 

185 

135 

127 



2- 4 “ 

58 

28 

330 

191 

175 



4- 6 “ 

63 

23 

233 

147 

131 



6- 8 “ 

102 

18 

104 

107 




8-10 “ 

60 

7 

111 

67 




10-12 “ 

83 

13 

80 

66 











values when account is taken of the normal content of these sub- 
stances. 100 mg. of glucose are equivalent to 151 mg. of manno- 
heptulose when determined by the Shaffer-Somogyi method. 

Mannoheptulose in quantities of 5 and 10 gm. was ingested by 
five of the same subjects who ate avocado. The results are 
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found in Table II. Again the peak of the excretion of manno- 
heptulose occurred late, either in the 2 to 4 or the 4 to 6 hour 
period. In four cases, most of the sugar was excreted by the end 
of the 6th hour, as indicated by the drop in non-fermentable 
sugar values to the preliminary levels. In the other case, the 
fall in non-fermentable sugar content took place in the 8 to 10 
hour period. It is interesting that the two subjects who ingested 
10 gm. of mannoheptulose excreted no more sugar than did those 
who took 5 gm. Furthermore, the mannoheptulose excreted 
after the sugar was taken was comparable in amount to that put 
out after the avocado was eaten. In this series of experiments, 
there were at least ten specimens containing enough non-fer- 
mentable sugar to give unmistakable reduction of Benedict’s 
sugar reagent. The highest concentration was 0.33 per cent in 
the 2 to 4 hour specimen of subject B. C. Calculation of the 
amount of mannoheptulose recovered in the urine shows that 
about 5 per cent was thus accounted for when 5 gm. were ingested. 
Small increases in the excretion of fermentable sugar were again 
obtained. 

Another series of experiments on the same subjects as in the 
second series was undertaken to learn more about the excretion 
of fermentable sugar after the ingestion of mannoheptulose. In 
these experiments the subjects went without the midday meal. 
The results are recorded in Table III. Again it is seen that several 
of the specimens contained enough non-fermentable sugar to 
reduce Benedict’s qualitative sugar reagent strongly. The highest 
concentration of non-fermentable sugar occurred in the 6 to 7 
hour period of subject B. C. Four of the subjects had the greatest 
rate of non-fermentable sugar excretion in the 2 to 4 hour period, 
while the other had practically identical rates in the 2 to 4 and 4 
to 6 hour periods. In no case did the rate of non-fermentable 
sugar excretion of the 6 to 7 hour period approach the preliminary 
value, showing that the excretion of mannoheptulose was not-yet 
completed. All of the subjects apparently excreted more fer- 
mentable sugar after the ingestion of mannoheptulose. However, 
we believe that these increases are fictitious and are dependent 
upon the method used in determining fermentable and non- 
fermentable sugar by yeast. For instance, when approximately 
0.2 per cent mannoheptulose was added to a normal urine con- 
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taining 5 mg. of fermentable sugar per 100 cc., there was an 
apparent increase of 24 mg. per 100 cc. in this, fraction. Similar 
results were found after the addition of 0.4 per cent mannohep- 
tulose, and 0.2 and 0.4 per cent 1-xylose to normal urine. It 
seems probable that the apparent increases in fermentable sugar 

Table III 


Excretion of Urine Sugar after Ingestion of 5 Gm. of d-Mannohepiulose 


Subject 

Time 

Urine 

volume 

T'erment- 
oblc sugar 

Kon'fermentoble 

sugar 


hrs. 

ce. 

mg. per hr. 

mg. per 
100 ec. 

mg. per hr. 

L. S. 

1.5 before 

96 

4 

38 

24 


0-2 after 

117 

7 

130 

76 


2-4 “ 

100 

16 

200 

100 


4r-6 “ 

82 

11 

183 

75 


6-7 “ 

35 

6 

165 

58 

H. CJ. 

1,66 before 

37 

6 

76 

17 


0-2 after 

72 

17 

202 

73 


2-4 “ 

79 

14 

233 

92 


4-6 “ 

60 

10 

215 

65 


6-7 " 

24 

10 

190 

46 

J. T. 

1 .66 before 

82 

6 

28 

14 


0-2 after 

111 

22 

112 

62 


2-4 “ 

110 

30 

206 

113 


4-6 “ 

86 

13 

214 

92 


6-7 “ 

33 

12 

200 

66 

J. Q. 

2.5 before 

66 

2 

43 

11 

0-2 after 

72 

5 

135 

49 


2-4 “ 

76 

4 

220 

84 


4-6 “ 

94 

5 

124 

58 


6-7 “ 

30 

1 

120 

36 

B. C. 

2.0 before 

43 

5 

66 

14 


0-2 after 

100 

23 

180 

90 


2-4 “ 

87 

20 

205 

89 


4-6 “ 

62 

13 

231 

72 


6-7 “ 

26 

9 

269 

70 


under such conditions may be due to adsorption on the yeast 
which is present in great excess. 

The fluid intake in the above experiments was purposely re- 
stricted in the hope that highly concentrated specimens of urine 
would be obtained, so that the osazone of mannoheptulose could 
be isolated and recrystallized. We were successful in obtaining 
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the characteristic spherulite^ described by Wright (9) but failed 
to recrystallize them. 

Mannoheptulose has the property of reducing alkaline copper 
sugar reagents at temperatures under the boiling point. This 
property serves the useful purpose of helping to identify the sugar. 
The test of Lasker and Enklevitz (10) for xylulose is thus positive 
for mannoheptulose, as well as for xylulose and fructose. Manno- 
heptulose and fructose are positive in the Seliwanoff test but the 
first is not fermented by yeast while the latter does ferment. 
Neither mannoheptulose nor xjdulose is fermented by yeast and 
both are positive in Bial’s test, while fructose is negative. Manno- 
heptulose in Bial’s test gives a reaction which may be easily mis- 
taken for xylulose, differing in that a fleeting red color is produced 
before the blue-green color appears. The final reaction product 
for the two sugars is practically indistinguishable. Application 
of Tauber’s (11) color test for pentoses enables one to decide 
which sugar is present. Mannoheptulose reduces the common 
sugar reagents much less strongly than does glucose. We found 
that 100 mg. of glucose are equivalent to 151 mg. of mannoheptu- 
lose when determined by the Shaffer-Somogyi method. 

DISCUSSION 

Our results show that roughly 5 per cent of the mannoheptulose 
ingested appeared in the urine within 6 hours after 5 gm. had been 
taken. No greater amount appeared when 10 gm. were ingested. 
This would indicate that 5 gm. were enough to furnish the quota 
required by the low coefficient of absorption of the sugar. Excre- 
tion of the sugar began to decline after 6 hours. The bulk of the 
sugar seems to have been disposed of otherwise than through 
absorption and excretion. It may have been converted to a 
utilizable carbohydrate, as suggested by the experiments of Roe 
and Hudson on rabbits, or it may have suffered change in the 
gastrointestinal tract. Unpublished, experiments on rats per- 
formed in this laboratory did not sh*‘w that the sugar was stored 
as such in the tissues, so we do nolV- consider it likely that such 
storage occurred in the experiments on man. The results fail 
to show whether or not mannoheptulose is available to man. 

The experimental findings reveal that mannoheptulose may ap- 
pear in the urine after the avocado is eaten. Furthermore, the 
concentration of the sugar in the urine may be sufficiently high to 



650 


Metabolism of d-Mannoheptulose 

cause reduction of the alkaline copper sugar reagents and lead to 
a false diagnosis of diabetes mellitus. The simple test of adding 
1 cc. of urine to 5 cc. of Benedict’s qualitative sugar reagent and 
allowing the mixture to stand overnight at room temperature will 
detect xylulose, fructose, and mannoheptulose. Glucose will 
reduce under these conditions only when its concentration is 2 
per cent or higher. This test should be made whenever sugar is 
found in the urine of a patient seen for the first time. It should 
perhaps be recalled that xylulose will always be found in the 
urine of persons having essential pentosuria, but that fructose, 
in cases of essential fructosuria, and mannoheptulose will occur 
only when the appropriate foods have been eaten. 

SUMMARY 

It was shown that mannoheptulose appears in the urine of nor- 
mal persons after the avocado is eaten. The concentration of 
sugar was high enough to cause reduction of the ordinary sugar 
reagents, thus becoming another source of confusion in the diag- 
nosis of diabetes mellitus. The peak of excretion of manno- 
heptulose usually occurred in the 2 to 4 hour period after the 
avocado was eaten or after the ingestion of the sugar. The rate of 
sugar excretion began to decrease 6 hours after consumption of 
the sugar. Approximately 5 per cent of the sugar appeared in 
the urine during a period of 6 hours after 5 gm. of the sugar were 
ingested. The fate of the remainder of the sugar was not deter- 
mined. 
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RADIOACTIVE PHOSPHORUS AS AN INDICATOR OF 
PHOSPHOLIPID METABOLISM 

XI. THE INFLUENCE OF METHIONINE, CYSTINE, AND CYSTEINE 
UPON THE PHOSPHOLIPID TURNOVER IN THE LIVER* 

Bt I. PERLMAN, N. STILLMAN, akd I. L. CHAIKOFF 

(From the Division of Physiology, Universily of California Medical 
School, Berkeley) 

(Received for publication, January 30, 1940) 

The r61e of protein in the dietary production and cure of fatty 
livers has received considerable attention in recent years (1, 2). 
Casein, like choline, depresses the deposition of excessive amounts 
of fat in the liver. Not all proteins have identical action in this 
respect, and this finding has been taken as etddence that some 
component of the protein molecule is the active lipotropic agent. 
Thus, Best et al. (3) foimd gelatin to be inactive, vhereas Beeston 
et al. (4) showed that edestin possessed some lipotropic activity. 
Recently several choline-free preparations were assayed in Chan- 
non’s laboratory (5) and their lipotropic activity was recorded as 
follows in decreasing order: whale muscle protein, caseinogen, 
albumin, beef muscle protein and edestin, fibrin and gliadin, gela- 
tin and zein. The first attempt to identify the active component 
of protein was made by Beeston and'Channon (6), who fed rats 
high fat-low protein diets along with supplements of cystine. No 
lipotropic action was observed; indeed these workeis noted that 
this amino acid elevated rather than decreased the lipid content 
of the liver. Tucker and Eckstein (7) then reported that methio- 
nine possessed lipotropic properties, and this finding was con- 
firmed by Channon et al. (8). Later, 'Eckstein el al. showed that 
lysine (9) and cysteine and homoc 3 ratine (10) had no lipotropic 
effect on the liver. 

* Aided by grants from the Research Board of the University of Cali- 
fornia. The assistance furnished by the Works Progress .Administration 
(Official Project No. 65-1-08-62, Unit A6) is gratefully acknowledged. 
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Phospholipid Metabolism. XI 


Although se^^eral views regarding the mechanism of the action 
of choline have been expressed, the first evidence clearly to estab- 
lish an association between the action of choline and phospholipid 
turnover was obtained in this laboratory (11). By the use of 
radioactive phosphorus as a means of labeling the phospholipid 
molecule, it was shown that choline speeds up phospholipid turn- 
over in the liver. Choline, moreover, was not the only substance 
that altered the rate of phospholipid turnover there. Betaine, 
which resembles choline in its lipotropic effect, was found to 
stimulate phospholipid turnover (12), whereas cholesterol, the 
feeding of which results in an increased infiltration of fat in the 
liver, was shown to depress the turnover of radioactive phospho- 
lipid (13). These findings provide evidence that phospholipid 
turnover is an important intermediary link in the removal or 
deposition of fat in the liver. 

In the present investigation, the same method, namely identi- 
fication of phospholipid by means of radioactive phosphorus, has 
been employed to determine the effects of amino acids on the rate 
of phospholipid turnover. Three amino acids were studied, cys- 
tine, cysteine, and methionine. 

EXPERIMENTAL 

The results recorded here were obtained from separate analyses 
of 184 rats, the data of which are shown in Tables I and II and 
in Fig. 1. The same procedure was followed throughout in tlio 
determination of the effects of each amino acid upon phospholipid 
activity. 

Animals maintained on a standard laboratory diet were fasted 
for 24 hours and then placed on a high fat diet (11), which con- 
sisted of 40 per cent unsalted butter, 50 per cent glucose, 5 per cent 
extracted casein, and 5 per cent of a salt mixture. Vitamin sup- 
plements were also added to the diet before it was fed. The vita- 
min B complex was furnished as a concentrate obtained from rice 
bran. A standardized cod liver oil supplied vitamins A and D. 
After the use of this diet for 3 days, the amino acids ivere ad- 
ministered. Once the rats were placed on this diet, access to food 
was permitted during the entire period of observation. 

Radioactive phosphorus was injected subcutaneously. Each 
rat received 1 cc. of an isotonic solution of Na 2 HP 04 , which con- 
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tains 3 mg. of phosphoras. The radioactivity of the sample of 
phosphorus injected in each rat measured betvreen 0.5 and 1 
microcurie. The amino acids were fed by stomach tube at the 
same time that the phosphorus -was injected. Unless othervrise 
stated, the livers were analyzed for labeled phospholipid at a single 
inteiAul thereafter; namely, 7.5 to 8 hours after the radioactive 
phosphorus was injected. At this tune the maximum amount 
of labeled phospholipid was deposited in the liver (11). This 
interval also promdes ample time for the absorption of the amino 
acids (14, 15). 



Fig. 1. The effect of varying doses of cysteine hydrochloride upon the 
level of newly formed phospholipid in the liver. The ordinates refer to 
per cent of administered labeled phosphorus found as phospholipid of the 
whole liver. Each point is the average of twelve separate anab'ses. The 
critical ratios (d/s.E.d values) between the group of rats receiwng no 
cj-steine and those that were fed 24, 72, and 214 mg. of c}'steine hydro- 
chloride were respectively 1.4, 4.2, and 6.3. 

The amino acids were fed as 10 or 20 per cent suspensions in 0.5 
per cent solution of gum tragacanth. Each animal received by 
stomach tube 1 cc. of this suspension, which contained 100 or 200 
mg. of an amino acid. Control animals received 1 cc. of gum 
tragacanth solution by stomach tube. In each experiment ani- 
mals were carefully matched, so that treated animals were com- 
pared with control animals of the same weight and sex. 

The isolation of the phospholipids from the liver as well as the 
method by which they were mounted for determination of their 
radioactivit 3 ’^ has been recorded elsewhere (16). Soy bean 
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lecithin was used as phospholipid carrier and was added to the 
petroleum ether extract just before precipitation with magnesium 
chloride and acetone. The amount of lecithin added was such as 
to give a final mass of 100 mg. in every sample. This wgs found 
to be a convenient quantity for mounting on the blotter and was 
maintained constant in order to rule out possible variations in 
self-absorption of the radioactivity. 

For determination of radioactivity, a blotter (always of uniform 
size) containing the precipitated phospholipid was placed com- 
pletely around a small thin walled (0.1 mm.j aluminum Geiger 
counter, so as to attain a maximum solid angle. 1 microcurie of 
when measured in this manner yielded 4 X 10® counts per 
minute. Sensitivity of the counter was checked before and after 
each measurement by means of a standard thorium source. 

Results 

Methionine — The effects produced on phospholipid turnover by 
a single feeding of methionine were determined in four separate 
experiments, which are recorded in Tables I and II. In all, 
thirty-two treated animals are compared with an equal number of 
controls. In Table I each rat received 100 mg. of methionine at 
the end of a 3 day period of fat feeding. In the three experiments 
shown in Table II each rat received 200 mg. of methionine by 
stomach tube. This amino acid produced an elevation in the rate 
of phospholipid turnover. The average activity^ found 8 hours 
after the administration of 100 mg. of methionine (Table I) was 
3.41 ± 0.14 for the whole liver, as compared with control averages 
of 2.70 ± 0.12. In the three experiments recorded 'in Table II, 
methionine increased the rate of incorporation of phosphorus into 
phospholipid by 33, 32, and 41 per cent. 

Cystine — The effects of this amino acid were tested in four 
separate experiments involving thirty-two treated rats and thirty- 
two control animals. Each of the treated animals received a 
single administration of 200 mg. of f-cystine, the results of wdiich 
are shown in Table II. Increases of 23, 21, 33, and 22 per cent in 

* Throughout this paper the term phospholipid activity refers to the per 
cent of administered labeled phosphorus recovered as phospholipid in the 
whole liver. Control rats and rats that were fed amino acids were carefu y 
paired with respect to weight and sex. 
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the average phospholipid activities of the vhole liver were found 
after the feeding of this amount of cystine. 

Cysteine — ^This amino acid also stimulated the phospholipid 
tmmover in the liver of fat-fed rats. The four separate experi- 
ments in which this amino acid was tested involved thirty-two 
control and thirty-one treated rats (Table II). The average 
activities, determined at an interval of 8 hours following the ad- 


Table I 

Effect of Single Adminislralion of 100 Mg. of Methionine upon Phospholipid 

Activity of Liver* 



Control 

j MetHioninet 

j Rat No, 

Activity 

Rat No. 

Activity 


B-l 

2.45 


4.00 


i B-2 

2.45 


3.13 


B-3 

3.09 


3.74 


B-4 

3.26 

M-4 

3.23 


B-5 

2.87 

M-S 

3.35 


B-6 

2.58 

M-6 

2.87 


B-7 

2.48 

M-7 * 

3.81 


B-8 

2.44 

M-8 

3.16 

Average activity 

2.70 ± 0.12 ’ 

3.41 ± 0.14 

% increase 



26 


d/s.E.dt 



3.9 



* The percentage of the administered labeled phosphorus found as 
phospholipid in the whole liver. In these e.xperiments all livers were 
excised 7.5 hours after the injection of radioactive phosphorus. 

t A pure synthetic dl preparation. 

t d is the difference between the two means; s.E.d is the standard error of 
the difference of the means. Critical ratios of 2 and above are usually 
considered statistically significant. 

ministration of 200 mg. of cysteine as the hydrochloride, showed 
increases of 39, 17, 40, and 25 per cent above the averages for 
their respective control groups. 

Effect of Varying Cysteine Dosage upon Phospholipid Turnover — 
Forty-eight rats were fed the high fat-low protein diet for 4 daj^s 
and then treated as follows: all rats were injected with 3 mg. of 
labeled phosphorus. The amount of cysteine hydrochloride fed 
differed. Twelve rats received none of this amino acid; the other 
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Table II 

Effects of Single Adininislraiions of 200 Mg. of Cysteine, Cystine, and 
Methionine upon Phospholipid Activity of Liver* 


Experiment No. 


1. Males, 180 to 200 
gm. 


Methionine! 


Rat No. Rat No. Rat No. 



2.96 M-9 
2.86 M-10 


Average activity.. 2.37 ± 0.17 3.28± 0.22 2.92 i 0.16 I 3.16 ±0.13 

% increase 39 23 

d/s.E.d|l 3.3 2.4 


2. Males, 260 to 300 
gni. 


Ac-9 

Ac-10 

Ac-11 

Ac-12 

Ac-13 

Ac-14 

Ac-15 

Ac-16 


Average activity.. 2.64 ± 0.08 

% increase 17 

d/s.E.d 2.5 


3. Females, 170 to Ac-17 2.12 
190 gm. Ac-18 2.9 



3.19±0.24 

21 

2.2 



3.79 
2.57 
3.84 
2.94 

3.721 M-29 I 3.99 


Average activity.. 

% increase 

d/s.E.d 
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Table II — Concluded 


Experiment No, 

Control 

I*Cysteinet 

r-Cystinet 

irethionineS 

Ilal No, 

M 

Rat No. 

Activ- 

ity 

Rat No. 

Activ- 

ity 

Rat No. 

Activ- 

ity 

4. IMales, 180 to 200 

Ac-25 

2.68 

Ce-25 

3.62 

Ci-25 

3.51 



gm. 

Ac-26 

2.66 

Ce-26 

3.75 

Ci-26 

3.25 




Ac-27 

3.20 

Ce-27 

3.79 

Ci-27 

4.03 




Ac-28 

3.36 

Ce-28 

3.99 

Ci-28 

2.70 




Ac-29 

4.16 

Ce-29 

3.54 

Ci-29 

4.74 




Ac-30 

2.78 


3.48 


3.64 




Ac-31 

2.79 

Ce-31 

3.75 

Ci-3I 

3.98 




Ac-32 

2.07 



Ci-32 

3.10 



Average activity. . 

2.96 ± 0.22 


3.62i 

0.22 


% increase 



25 


22 



d/s.'E.d. 



3.2 


2.1 




* The percentage of the administered labeled phosphorus found as 
phospholipid in the whole liver. In these experiments all livers were 
excised 7.5 to 8.0 houfs after the injection of radioactive phosphorus. 

t Pfanstiehl c.p. grade; fed as the hydrochloride. 

t Pfanstiehl c.p. grade. 

§ A pure sj-nthetic dl preparation. 

li d is the difference between the two means; s.E.i is the standard error 
of the difference of the means. Critical ratios of 2 and above are usually 
considered statistically significant. 

three groups of twelve rats each received by stomach tube 24 
(O.lo milliequivalent), 72 (0.45 imlliequivalent), and 214 mg. 
(1.35 milliequivalents) of it. The amino acid and phosphorus 
were administered simultaneously and the livers removed for 
analysis 6.3 hours later. The re^ts show that the magnitude 
of the actmty varies with the dose of cysteine fed. Veiy little 
stimulation to phospholipid activity followed the ingestion of 24 
mg. <2 and 214 mg. of cysteine hydrochloride, however, resulted 
in increases of 19 and 29 per cent respectively. 

DISCUSSION 

The present investigation establishes a relation between the 
metabolism of certain amino acids and the phospholipid actmty 
of the liver. It has been shown here that three amino acids — 
methionine, cj^stine, and cysteine— accelerate the phospholipid 
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turnover in the liver. Although the difference between the labeled 
phospholipid content in the livers of the treated and untreated 
rats did not exceed 40 per cent, this difference nevertheless as- 
sumes considerable significance when it is recognized that phos- 
pholipid metabolism in the liver is a dynamic process in which 
newly formed phospholipid is constantly replaced. 

The stimulation of phospholipid activity produced by methio- 
nine is in line with its lipotropic action; f.e., its ability to prevent 
the deposition of fat in the liver of rats fed high fat-low protein 
diets (7, 8). But the finding that cystine and cysteine stimulate 
phospholipid production in the liver is not in line with their nega- 
tive lipotropic action (6, 10). It should be noted, however, that 
the method of administering amino acids adopted in the present 
study differed from those in which their lipotropic action was 
studied. In the latter, cystine was fed daily for a period of 2 to S 
weeks, whereas all observations in the present study were made on 
livers obtained several hours after a sitTgle feeding. While an 
explanation of the lack of uniformity between the lipotropic action 
and the effect upon phospholipid turnover of cystine and cysteine 
cannot be offered at the present time, it is nevertheless of interest 
to call attention here to the pathological changes encountered 
after prolonged feeding of cystine (17-19). It cannot be inferred, 
however, that the failure to obtain a lipotropic effect with pro- 
longed feeding of cystine is to be ascribed to its toxicity, for the 
experiments in which toxic effects were obtained and those in 
which ixs lipotropic action was studied were not strictly compar- 
able. 

The radioactive phosphorus used in this investigation was 
supplied by members of the Radiation Laboratory under the 
direction of Professor E. 0. Lawrence, to whom our thanks are 
due. 


SUMMARY 

The effects of single administrations of methionine, cystine, 
and cysteine upon the phospholipid activity of the liver of rats 
fed a high fat-low protein diet Avei’p investigated with radioactive 
phosphorus as indicator. 

These sulfur-containing amino acids stimulated the rate o 
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phospholipid turnover in the liver. Increases in phospholipid 
actmty were observed 6 to 8 hours after single feedings of these 
three amino acids. 
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THE DISTRIBUTION OF WATER AND ELECTROLYTES 
IN SKELETAL MUSCLE OF THE DOLPHIN (TURSIOPS 
TRUNCATUS)* 

By LILLIAN EICHELBERGER, E. M. K. CEILING, and 
B. J. VOS, Jr. 

{From the Lasker Foundation for Medical Research and the Departments 
of Medicine and Pharmacology of the University of 
Chicago, Chicago) 

(Received for publication, February 17, 1940) 

Previous studies on the distribution of water and salts between 
blood and muscle in terrestrial mammals (dogs) stimulated an 
analogous study on sea mammals (dolphin, Tursiops truncalus). 
In the past, investigative studies on dolphins did not include 
chemical analyses of skeletal muscle, and since it has become pos- 
sible to estimate the relative amounts of extra- and intracellular 
phases of skeletal muscle (1), this study of these phases in mam- 
mals living in sea water has been made. 

The principal purposes of this investigation were (1) to deter- 
mine the distribution of salts and water between serum and 
muscle, (2) to utilize these data for the quantitative estimation 
of the relative amounts of the extra- and intracellular phases of 
skeletal muscle, and (3) to compare these data with those obtained 
on dogs. 


EXPERIMENTAL 

The dolphins used in these experiments had been captured and 
kept in large circular tanks. Just before they were used, they 
were transferred to the flume, a smaller tank. Dolphins 2 and 
4 had been without food in the flume before being sacrificed. 
Usually it required from 3 to 5 days in the large tanks for the ani- 

* Part of the expense of this project was defrayed from a grant-in-aid of 
the Committee on Research in Endocrinology of the National Research 
Council and from the Biological Grant from the Rockefeller Foundation to 
the University of Chicago. 
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mals to overcome the fear resulting from capture. Dolphin 5, a 
lactating female, ate 10 pounds of mullet the day before it was 
sacrificed. Dolphin 6 had been in captivity in the large tank for a 
year. For that reason it was handled more easily than Dolphin 5, 
only 10 minutes elapsing between the time it was taken from the 
flume and the taking of the blood sample. These experiments, 
therefore, include both the animals that were not eating and those 
that were eating, which is of importance because authorities on 
this species state that dolphins obtain their fluids almost entirely 
from their food rather than by drinking water.^ 

Blood was taken from the living animals by heart puncture. 
The dolphin was then killed by air embolism into the heart, and 
the rectus abdominis and the sacrospinalis muscles promptly 
removed. The following determinations were made on the 
serum: water, chloride, sodium, potassium, calcium, and mag- 
nesium. A complete blood and serum analysis was given in a 
previous paper (2). On the muscle, water, chloride, sodium, 
potassium, calcium, magnesium, and neutral fat determinations 
were made. 

The blood samples were treated as previously reported (2). 
After the muscles had been wiped with sterile gauze to remove ad- 
herent blood, they were wrapped in waxed paper, chflled, and 
placed in large thermos jars, which were capped and sent by air 
express to our laboratories in Chicago. The following morning 
when the jars were received, the semifrozen muscle was placed 
on a tile and trimmed to remove free fat and connective tissue. 
Cross-sections of the muscle were taken from the inner, unexposed 
part, placed in large glass-stoppered weighing bottles, and minced 
finely with scissors. The technique for the analyses was the same 
as that described for kidney tissue (3). The chemical methods 
also were the same (3, 4). Since the chemical methods already 
have been given in detail, it is not necessary to repeat them. All 

‘ The collection of this material was made possible through the coopera- 
tion of the scientific and technical staffs of the Marine Studios, Marineland, 
St. Augustine, Florida. The location of the Marine Studios is ideal for the 
capture of dolphins ; the trained personnel handles these animals without 
injuring or unduly exciting them. The efficient service of the Eastern Air 
Lines and the Air Express of the Railway Express Agency was an indis- 
pensable link in the transportation of the samples from St. Augustine or 
Jacksonville to the laboratories in Chicago. 
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muscle analyses -were corrected for neutral fat. They could not 
be corrected for circulating blood by a comparison of the amount 
of hemoglobin in the tissue with that in the whole blood of the 
same animal because muscle hemoglobin found in the dolphin 
was too high for this method to be accurate. As a result, all 
data on the muscle will be expressed on a fat-free basis only. 

Table I 

Analyses of Serum and Muscle of Dolphins 
The muscle concentrations are expressed in units per kilo of fat-free 
muscle. 


Dolphin No. 



Cl 

Na 

K 

Ca 

Mg 

Fat 

(O 




m.tq. 

m.eg. 

Vfrhg. 

m,eq. 

tn.oj. 

17 nt. 




ver 

tg. 

17. 

Z 

per 

kg. 

kg. 


3.* Young 

Serum 

887.4 


146.0 

3.44 

3.92 

2. os 



female 

Sacrospinalis 

Mg»l 

10.7 

16.7 


2.68 

22.8 

3.5 

89 

4. Lactat- 

Serum 

874.3 

110.5 

156.9 

5.29 

4.24 

2.78 



ing 

Sacrospinalis 

731.5 

9.5 

16.1 

99.9 

2.40 

25.76 


76 

5. Near end 



105.0 

150.5 

4.89 

glwo 




of lac- 


751.5 

11.69 

20.8 

95.2 

1.7617.90 

(ilBlil 

97 

tation 

Sacrospinalis 



■mm 

91.6 


87 

6. Old fe- 

Serum 


109.5 

151.0 

4.59 

4.58 




male 

Rectus abdominis 

744.5 

10.36 

16.3 

92.0 


0.51 

83 


Sacrospinalis 

741.5 

10.01 

19.6 

98.2 

1.62 

21.64 


80 

Dogs (c/. 

Serum 

922 

109.0 


3.72 

2.47 




(1)) 

vt 


1.7 

4.1 

mimKhoBH 




Dogs (c/. 

Rectiis abdominis 

765 

21.5 

32.4 






(D) 

vt 

6.4 

2.8 

4.8 







* Weight 80 kilos, 
t Standard deviation. 


Results 

Table I presents the results of the analyses of serum and skeletal 
muscle, including the rectus abdominis and the sacrospinalis, 
from four female dolphins. It will be noted that; (a) The neutral 
fat in all dolphin skeletal muscle is surprisingly low. Therefore, 
it is not so essential to express the concentrations in terms of fat- 
free muscle as in dog muscle. The finding indicates that the 
excess fat of these animals must be stored almost exclusively in 
the blubber, (h) The water content and the concentrations of 
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bases and chloride of the i-ectus abdominis muscle were not dif- 
ferent from the concentrations of the same constituents of the 
sacrospinalis muscle, (c) The chloride content of the muscle was 
low. However, if correction could have been applied for the 
chloride of the blood contained in the tissue, it would have Ijccii 
lower. This may be regarded as additional support for the 
assumption that chloride in muscle is confined to the extracellular 
phase, (d) The sodium content of the muscle was higher than 
the chloride content. Chloride is considered to be only in the 
extracellular phase of the mu.scle, and to exist there in the same 
concentration as in an ultrafiltrate. After allowance is made for 
sodium in the extracellular phase, based on the chloride calcula- 
tions, there is “excess sodium” remaining, in varying amounts 
from 2.5 to 7.0 mw with an average of 4.6 miu. These results arc 
similar to those found in the skeletal muscle of dogs, 
Exlracellular and Intracellular Phases of Normal Dolphin Mus- 
cle — From the data of Table I and the fact that the chloride of 
skeletal muscle is confined to the extracellular phase, the relative 
proportions of extra- and intracellular phases of skeletal muscle of 
the dolphin were calculated by means of the equations presented 
in a preceding paper (1). Briefly, the amounts of extracellular 
phase (F) in gm. per kilo of muscle were calculated from the 
equation 

(Cl)„. X (ibO). X 1000 
^ 1.04 X (Cl). 


in which the subscripts m and s represent muscle and serum, 
respectively. From the values for (F), the intracellular phase (C) 
per kilo of muscle was estimated by the equation (C) == 1000 - 
(F). 

Such a calculation led to the following results. The mass of the 
extracellular phase (F) = 85 gm., tr i 8; (C) = 915 gm., (r ± 8. 

The data were also used to calculate the percentage of water in 
the intracellular phase {HjOJe by the equation 


lH,0)c 


(H,0)c 

C 


in which (H 20 )c represents gm. of intracellular water per kilo of 
muscle. This calculation led to the value for (H20j<7 of 720 gm. 
per kilo of muscle cells, ^ ± 5. 
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From the data of Table I and the equations, the extra- and intra- 
cellular phases of dolphin skeletal muscle were calculated. The 
results of these calculations are graphically presented in Fig. 1. 
In all skeletal muscles the extracellular phase vras small (varying 
from a minimum of 75 gm. to a maximum of 97 gm. per kilo of 
fat-free muscle). These results show that in mammals Ihing in 
sea water, the extracellular phase amounts to an average of 8.5 
per cent of the muscle, and the intracellular phase 91.5 per cent. 



flniMALHa-- 3 


83 


I 

I 






go 


1 


Dolphin 


173 



MEAH-ZO 

Dog 


Fig. 1. Graphic representation of the extra- and intracellular phases of 
skeletal muscle of four dolphins as compared to that of the mean of twenty 
dogs. The concentrations are presented per kilo of muscle, in which the 
extracellular phase (F) is represented bj' the unshaded areas, the water 
content of the intracellular phase (H;0)cby the simple shaded areas, and 
the solid content of the intracellular phase (S)c b 3 - the cross-hatched areas. 
S and R represent the sacrospinalis and rectus abdominis muscles, respec- 
tivelj'. 


The phase volumes of skeletal muscle of dolphins were compared 
with those obtained on the muscle of dogs (Fig. 1), with the follow- 
ing findings. 

1. The e.xtracellular phase of 1 kilo of dolphin muscle was about 
one-half of the value found for dog muscle, protdng that sea mam- 
mals do not store water in this phase of the skeletal muscle to the 
extent that the land mammals do. 

2. The percentage of water in the intracellular phase in the 
dolphin skeletal muscle, 72.0, c ± 0.5, was the same as in dog 
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skeletal muscle, 71.7, a =b 0.5. This agreement suggests that the 
internal composition of the muscle cells of the dolphin is like that 
of the dog. 


SUMMARY 

1. Normal values for water, chloride, sodium, potassium, cal- 
cium, and magnesium in dolphin (Tursiops iruncaius) serum and 
skeletal muscle have been determined. 

2. The neutral fat in all dolphin skeletal muscle is surprisingly 
low. Therefore, the excess fat of these animals must be stored 
almost exclusively in the blubber. 

3. From the analytical data obtained on dolphins and the as- 
sumption that all muscle chloride is in the extracellular phase, the 
relative proportions of extra- and intracellular phases of fat-free 
skeletal muscle have been calculated. The extracellular phase 
amounts to an average of 8.5 per cent, er ± 0.8, of the muscle, and 
the intracellular phase amounts to 91.5 per cent, a i 0.8. These 
values do not agree with those found in dog muscle. 

4. The percentage of water in the intracellular phase of dolphin 
skeletal muscle was found to be 72.0 per cent, a ± 0.5, which agrees 
with the value established for the muscle cells of dogs. 

BIBLIOGRAPHY 

1. Hastings, A. B., and Eichelberger, L., J. Biol. Chetn., 117, 73 (1937). 

2. Eichelberger, L., Fetcher, E. S., Jr., Ceiling, E. M. K., and Vos, B. J., 

Jr., J. Biol. Chcm., 133, 145 (1940). 

3. Eichelberger, L., and Bibler, W, G., J. Biol. Chem., 132, 645 (1940). 

4. Eichelberger, L., J. Biol. Chem., 128, 137 (1939). 



A RAPED EXTRACTOR FOR URINARY STEROIDS 


By E. B. HERSHBERG* JOHN K. WOLFEf 

(From the Converse Memorial Laboratory, Harvard University, Cambridge, 
and the Medical Clinic of the Peter Bent Brigham Hospital, Boston) 

(Received for publication, February 19, 1940) 

This work was undertaken in connection with an investigation 
being conducted by one of us (J. K. W.) with L. F. Fieser and 
H. B. Friedgood of the androgens of pathological urines. A 
continuous extractor has been constructed which meets the re- 
quirements of clinical assay work and which appears to have cer- 
tain advantages over other forms of apparatus designed for the 
extraction of hormones from urine. This paper includes a de- 
scription of the extractor and a report of orienting experiments 
conducted to test its efficiency and rapidity of action as applied 
to a few urines of low and of high androgen content. Its suit- 
ability for general assay work is being investigated further by 
Dr. Friedgood. 

To increase the efficiency of extraction with a solvent lighter 
than water over that attained in an extractor of the type described 
by Smith and Smith (1), Gallagher, Koch, and Dorfman (2) 
provided for the dispersion of the organic solvent (benzene) by 
causing it to pass through a sintered glass disk, while Talbot and 
Langstroth (3) introduced an ingenious mechanical stirring device 
to disperse the solvent benzene into small droplets. The present 
apparatus utilizes the principle of dispersion with a porous disk 
as applied to a solvent heaYuer than water, a combination em- 
bodied in an early extractor for general laboratory purposes de- 
vised by Friedrichs (4), although this is not mentioned by Wehrli 
(5) in his remew of extractors in which solvents heavier than water 

* Research Fellow on grants from the National Cancer Institute and Eli 
Lilly and Company to Professor L. F. Fieser. 

t Research Fellow on a grant from the hlilton Fund of Harvard Uni- 
versity to Dr. H. B. Friedgood. 
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are used. The solvent selected was carbon tetrachloride, which 
has the pi'actical advantage over benzene or ether of being non- 
inflammable and comparatively non-toxic and which is regarded 
by Callow, Callow, Emmens, and Stroud (6) as being superior to 
benzene as a solvent for the extraction of steroids. The heavy 
solvent is passed through a sintered glass plate and the fine drop- 
lets allowed to fall through a long, narrow column of urine. 

A'p'paratus {Fig. 1 ) — The extractor body J, which contains the 
urine and a lower layer of carbon tetrachloride, is connected by 
means of the standard taper joint D to a unit G consisting of a 
spiral condenser F and a sealed-on tube carrying a sintered plate 
H. The boiling flask A is fitted to the apparatus by means of a 
spherical joint B, which requires no lubricant and is not easily 
frozen. The joint is kept closed with an arm type ball clamp with 
which the flask is supported on a ring-stand. The extractor body 
is fastened to a ring-stand by a large universal clamp placed near 
the level of H. Stop-cock K does not require a lubricant other 
than the solvent used and permits draining the spent urine remain- 
ing after extraction without dismantling the apparatus. 

Heating of the boiling flask is best done with a Bunsen burner 
with a direct, soft flame (an electrically heated aluminum block 
did not give a sufficiently high boiling rate or permit as easy ad- 
justment of the temperature). The vapors ascend through the 
tube C and enter the condenser chamber through a hole drilled 
in the male section of joint D. The condensate then falls through 
tube I and is dispersed by the sintered glass plate H which dips 
under the surface of the urine. The solvents separate in the lower 
part of the chamber; the carbon tetrachloride containing hormone 
returns to the boiling flask through stop-cock K and tube L. 
Tube E equalizes the pressure between the extractor body and the 
condenser system and also allows accumulated water to overflow 
and return to the main body of the urine. 

The efficient and compact spiral type of condenser adequately 
takes care of the vapor at the desired maximum boiling rate. In 
trials with a spiral having only sixteen turns it was possible to 
maintain a flow of more than 10 liters of carbon tetrachloride per 
hour with cooling water at either 5° or 30°. 

From a trial of dispersion plates of different porosity, it was 
concluded that a coarse plate is better than a fine one. With a 
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I'lG. 1. Assembly of urine extractor. A, 1 liter flat bottom boiling flask; 
B, spherical joint 35/20 (Ace Glass, Inc., Vineland, Nevr Jersey; Scientific 
Glass Apparatus Company, Bloomfield, New Jersey) ; C, vapor tube, 20 to 
22 mm. inside diameter; D, special 50/50 standard taper joint with an 18 to 
20 mm. hole drilled in the side of the male section; E, overflow-equalizing 
tube, 7 mm. outside diameter. The outlet hole is 7 to 9 mm. below the 
vapor inlet; F, coiled tube condenser of tubing of 8 mm. outside diameter 
with both inlet and outlet at the top and facing to the back. The diameter 
of the spiral is 36 to 38 mm. and it is centered by three small knobs at the 
lower end of the coil. The clearance between the coil and side wall is 3 to 
4 mm.; G, condenser jacket, 42 to 46 mm. inside diameter; H, porous glass 
disk, 41 to 43 mm. outside diameter, with average pore diameter of 85 to 
145 fi (Ace Glass, Inc.) ; I, liquid connector tube, 13 to 15 mm. outside 
diameter. The length is such that plate H is 130 to 140 mm. below the 
vapor inlet hole; J, extractor body, 60 to 62 mm. inside diameter, 64 to 
66 mm. outside diameter; K, 3-way 4 mm. bore stop-cock with inter- 
changeable No. 17-F plug (Scientific Glass .Apparatus Company, No-Lub 
catalogue No. C-880). This permits the extraction to be carried out with- 
out contamination by stop-cock grease. The same result can be obtained 
with an ordinary stop-cock by a final light grinding with jewelers’ rouge 
suspended in either oil or water; L, return tube, 9 mm. outside diameter. 
See the calibration procedure for the vapor tube connection. 
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fine plate it is necessary to provide a greater fluid head by lengthen- 
ing tube /, with consequent decrease in the effective volume avail- 
able for the urine sample, and even so the solvent flow cannot be 
maintained at the maximum boiling rate. A fine plate also gives 
rise to more trouble with the emulsions which tend to form in the 
extraction of urine with a dispersed solvent at a high rate of flow, 
and this may necessitate an increase in the space provided at the 
bottom of the extractor for the separation of layers. The water 
content of such emulsions, to be sure, is low, and in one test with a 
fine plate the emulsion was allowed to siphon over with no ap- 
parent harm. The tendency to form persistent emulsions is 
greatly reduced by using a coarse plate, and at the resulting high 
rate of flow the droplets are still very small and appear in a 
shower extending to all parts of the tube. Another important 
factor is the temperature, emulsions being more prone to form in 
the cold than at the temperature of about 60° which is reached 
after the extractor has been in operation. If the urine is intro- 
duced cold, the combination of an unfavorable temperature and a 
high initial steroid content may cause considerable trouble, but 
the difficulty is easily met by first warming the urine to 60°. 
Under these conditions, the emulsion usually breaks a short dis- 
tance below the interface, and even with dark pathological urines 
very rich in steroids it is only necessary to moderate the boiling 
in the early stages of the extraction in order to prevent the emul- 
sion from being carried over. 

Prausnitz (7) recommends that a sintered glass plate be wet 
first with the organic solvent, while Friedrichs (8) states that 
smaller drops are obtained by wetting it with the aqueous solution. 
In our experience with the present extractor, the particle size 
appeared to be the same in either case after a short period of 
operation. 

Assemhly of Apparatus — The extractor is designed to accomo- 
date a fixed volume of hydrolyzed urine in each operation, for 
this makes for simplicity of construction. The volume decided 
upon, in relation to the total capacity of the extractor tube, fixes 
the level at which the return tube L should enter the vapor tube C, 
and since this is the last connection to be made in assembling the 
apparatus, the proper point of entrance must be determined by 
experiment. The extractor body J, with the vapor tube C and 
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the stop-cock K sealed in place but not yet directly connected, is 
fitted with the condenser unit and charged with 1175 cc. of water 
at room temperature and enough carbon tetrachloride is added to 
cause the sintered glass plate H to dip 10 to 15 mm. into the water. 
A rubber tube is connected to one of the outlets of stop-cock K 
and slowly lowered from a vertical position until a point is reached 
where carbon tetrachloride begins to run out. This is selected as 
the proper point for the entrance of the return tube L into C. 

Operation — In the usual case a 1 liter sample of urine is treated 
with 150 cc. of concentrated c.p. hydrochloric acid and the mixture 
boiled for 10 minutes under a reflux. The extractor is charged 
with 250 cc. of carbon tetrachloride and the hydrolyzed urine is 
cooled to 50-60° and introduced through the open joint D, a 
funnel being used to prevent spilling of the liquid into C or onto 
the ground joint, for this may cause the joint to stick. The con- 
denser imit is inserted and a rapid stream of cooling water started. 
Flask A is charged with 500 cc. of carbon tetrachloride and heated 
with the direct flame of a Bunsen burner. With normal urines 
boiling can be conducted at the maximum rate from the start, but 
with pathological urines containing suspended solid the heating 
should be moderate at the outset, with a gradual increase in the 
course of about 15 minutes, when the initial emulsion coagulates 
and full heat can be applied. 

In the test experiments the extraction was interrupted at suit- 
able periods and the extract in the boiler transferred with rinsing 
to a distillation flask and replaced by fresh solvent. The solvent 
was completely removed from the extract by distillation at di- 
minished pressure and the residue was dissolved in 200 cc. of 
ether and the solution washed in a separatory funnel with five 
25 cc. portions of 10 per cent sodium hydroxide solution, the 
washings being discarded. The ethereal solution was evaporated 
to dryness at reduced pressure and the residue dissolved in 95 
per cent ethanol and transferred to a small volumetric flask of 
size proportional to the estimated sterone content. 

We are indebted to Dr. H. B. Friedgood and Miss R. A. Berman 
of the Endocrine Laboratory of the Peter Bent Brigham Hospital 
for making colorimetric assays of the extracts and for carr 3 nng 
out parallel extractions of some of the urines with benzene in 
the apparatus of Smith and Smith (1). The assaj’s were con- 
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ducted by a modified Zimmerman procedure (9) similar to that of 
Callow ct al. (10) and the results are expressed in mg. equivalents 
of androsterone. 

The results listed in Table I show that with urines of ^Yidely 
varying androgen content the new apparatus extracts somewhat 
more sterone in -I hour than the Smith and Smith benzene e.\- 
tractor does in 22 hours. With the urines in or near the norma! 
range of hormone content, the material removed in the half hour 
period is about 95 per cent of that extracted in a period twice as 


Table I 


Performance of Extractor; Mg. of Sterone Extracted in Successive Periods 
{Calculated .4® Androsterone) 


Urine Bnmplo 



30 

min. 

45 

min. 

A 

16.9 


B 

Bi. Benzene extractor 

18.9 

0.6 

C 



D 


0.8 

E 

21.4 


H 

El. Benzene extractor 

21.7 


F 

23.2 


G 


25.4 

H 

Hi. Benzene extractor 

235 


J 

394 



Total extraction time 


60 

75 

00 

120 

150 

17 

22 

min. 

min. 

min. 

min. 

min. 

hrs. 

hrs. 








0.2 






16,7 

0.6 









0.3 





0.9 

EB 







i 





18.6 



0.9 

0.4 


0.8 






0.3 


230 

88 


55 

31 

25 

40 



long and doubtless represents nearly the entire amount present. 
This performance is somewhat more rapid than that attained in 
the extractor of Talbot and Langstroth (3). The apparatus has 
the added advantage of being rugged in construction and can be 
conveniently refilled. Since spent urine can be replaced by a 
fresh charge without dismantling the apparatus, a large quantity 
of urine can be extracted easily and the total hormone accumulated 
in the boiling flask. 

With the specimen of urine (Sample J) of extremely high an- 
drogen content the steroid extracted in \ hour is 80 per cent of 
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that removed in 1 hour and 62 per cent of the total accumulated 
in 17 hours, which may'stiU be somewhat short of the actual total 
present. The comparative slowness of extraction may be due 
both to the high steroid content and to occlusion of hormone in the 
pigmented solid dispersed in the urine. 

Since in our apparatus the rapidly flowing solvent maintains 
the urine at a steady temperature of about 60°, it may be practi- 
cable to combine the hydrolysis step with the extraction and so 
minimize a possible destructive action of the hot acid on certain 
of the hormones. This possibility is being investigated. 

SUMMARY 

A rapid and efficient apparatus is described for the extraction 
of steroids from urine embodjdng the principle of causing carbon 
tetrachloride to pass through a porous disk and fall in fine droplets 
through a long column of urine. Colorimetric androgen assays 
of normal and abnormal urines demonstrate the satisfactory per- 
formance of the apparatus. With urines in the normal range, the 
bulk of the androgen fraction is extracted in § hour. 
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THE CHEMISTRY OF THE LIPIDS OF TUBERCLE 
BACILLI 

LX. CONCERNING THE FIRMLY BOUND LIPIDS OF THE AVIAN 
TUBERCLE BACILLUS* 

By R. J. ANDERSON, M. M. CREIGHTONf, akd ROBERT L. PECKJ 

(From the Department of Chemistry, Yale University, New Haven) 

(Received for publication, February 20, 1940) 

It has been known for a long time that acid-fast bacteria contain 
a certain percentage of lipids that are so firmly combined in the 
cellular structure that they cannot be removed by extraction with 
neutral solvents such as alcohol, ether, or chloroform, and this 
material we have designated by the term firmly bound lipids. The 
firmly bound lipids can be removed easily from the bacterial resi- 
dues which remain after exhaustive extraction with neutral 
solvents by treatment with very dilute hydrochloric acid, followed 
by extraction with ether and chloroform. 

Previous reports from this Laboratory have dealt with the 
chemical composition of the firmly bound lipids isolated from the 
human tubercle bacillus (1) and from the so called leprosy bacillus 
(2). The firmly bound lipids of the human tubercle bacillus could 
be separated into filtrable and unfiltrable fractions by forcing a 
chloroform or ether solution of the lipid through a Chamberland 
filter. On analysis the composition of the two fractions was foimd 

* An abstract of this paper was presented before the Third International 
Congress for Microbiology, New York, September 2-9, 1939. 

The present report is a part of a cooperative investigation on tubercu- 
losis; it has been supported partly by funds provided by the Research Com- 
mittee of the National Tuberculosis Association. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 193S-39. 

t Holder of a National Tuberculosis Association Fellowship at Yale 
University, 1939-40. 
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to differ mainly in the percentage of carbohydrate; the unfiltrable 
lipid contained about 50 per cent, while the filtrable lipid contained 
about 25 per cent of carbohydrate. In examining the firmly 
bound lipids of the leprosy bacillus (2) no unfiltrable lipid was 
obtained, but the fraction that was analyzed contained about 40 
per cent of a specific polysaccharide. 

In continuation of the studies mentioned above, we have 
recently made an examination of the firmly bound lipids of the 
avian type of tubercle bacilli. The material could be separated 
into filtrable and unfiltrable fractions by forcing a chlorofoiui 
solution of the lipids through a Chamberland filter. In the 
present report we present the result of this investigation, which is 
divided into the following five parts: (I) Extraction and separa- 
tion of the firmly bound lipids of the avian tubercle bacillus; 
(II) Composition of the unfiltrable portion of the firmly bound 
lipids ; (III) Composition of the polysaccharide of the unfiltrable 
lipid; (IV) Composition of the filtrable portion of the firmly 
bound lipids; (V) Pyrolysis of the hydroxy acids of the filtrable 
portion of the firmly bound lipids. 

In comparing the cleavage products of the firmly bound lipids 
(1) with those of the chloroform-soluble wax (3) of the human 
tubercle bacillus, we found that they w^ere of the same nature and 
consisted essentially of mycolic acid (4) and a specific polysac- 
charide. The polysaccharides from both products gave on 
hydrolysis mixtures of reducing sugars consisting of mannose, 
d-arabinose, and galactose. 

In the case of the avian tubercle bacillus we have found that 
the chloroform-soluble wax and the firmly bound lipids differ 
entirely in composition. The chloroform-soluble wax, as shown 
by Reeves and Anderson (5), contained mainly hydroxy acids of 
high molecular weight, combined with the disaccharide trehalose 
and about 10 per cent of unsaponifiable matter. The latter 
consisted principally of d-eicosanol-2 but a small amount of d-octa- 
decanol-2 was also present. As is showm in the present investiga- 
tion, the firmly bound lipids contain mainly hydroxy acids of high 
molecular weight, d-eicosanol-2, and a specific polysaccharide 
which on hydrolysis gives mannose, d-arabinose, galactose, and 
traces of glucosamine and inosite. 
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EXPERIMENTAL 

I. Exiraclion and Separation of the Firmly Bound Lipids of the 
Avian Tuherdc Bacillus 

Extraction with 25 Per Cent Alcohol — ^For the present experi- 
ments we used 500 gm. of dried bacterial cells which had been 
extracted with alcohol, ether, and chloroform by Anderson and 
Roberts (6). The cells were first treated with 2 liters of 25 per 
cent alcohol for 6 hours at 40°, after which the cells were filtered 
o2 and washed with 25 per cent alcohol. Five further extractions 
for 2 hours at 40° with 1 liter of 25 per cent alcohol were made. 
The cells were filtered off after each extraction and washed with 
25 per cent alcohol. 

The extracts were combined, filtered through a Mandler filter, 
and concentrated imder reduced pressure to a suitable volume. 
The solution was used for the isolation of a lactoflamn concen- 
trate and for the preparation of a polj'saccharide. These products 
were used in other experiments. 

Treatment with Acidified Alcohol-Ether — The moist bacterial 
cells, after the extractions mentioned above, were digested under a 
reflux for 3 hours at 50° with 2 liters of equal parts of alcohol and 
ether containing 55 cc. of concentrated hydrochloric acid. After 
the mixture had cooled, the cells were filtered off and the filtrate 
was concentrated in vacuo to a volume of about 250 cc. The 
solution was diluted with an equal volume of water and extracted 
thoroughly with ether. The ethereal extract, after being washed 
free of acid with water, dried over sodium sulfate, and filtered 
through a Chamberland filter, was evaporated to drjmess. The 
residue was a hroumish oil which weighed 7.58 gm. This fraction 
has not been further investigated. 

Extraction with Ether-Chloroform — ^The bacterial cells were next 
digested at 40° for 1 hour under a reflux in 1 liter of a solution con- 
taining 2 parts of ether and 1 part of chloroform, and this was 
followed by a second extraction in the same manner. The cells 
were next digested five times, with 1 liter of ether each time, and 
wanning at 35° for 2 hours under a reflux. The cells were filtered 
off after each extraction and washed with ether. The last ether 
extract contained a mere trace of lipids. The extracts were con- 
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centrated at a temperature of 45° by means of a current of carbon 
dioxide to a volume of about 1 liter. The solution was shaken witt 
solid sodium bicarbonate in order to remove hydrochloric acid, 
after which it was filtered through paper and then through a 
Chamberland filter, under carbon dioxide pressure. The Cham- 
berland filter was washed four times with 100 cc. portions of 
chloroform. 

The filtrate and washings on evaporation to dryness gave 32.8S 
gm. of a solid residue which will be termed filtraUe lipid. The 
substance was dissolved in 300 cc. of ether and 300 cc. of alcohol 
were added, whereupon a heavy white precipitate separated. The 
precipitate was filtered off, washed with alcohol, and dried in 


Table I 

Firmly Bound Lipids Extracted from 600 Gm. of Defatted 
Avian Tubercle Bacilli 



Weight 

Per eent 

P 

N 

1 

M.p. 

Filtrable lipid in acidified alcohol- 
ether extract 

om. j 

7.58 

1.51 

■ 

percent 

•c. 

Oil 

Filtrable lipid in ether-CHClj 
extracts 

32.88 

6.57 


None 

60-90 

Unfiltrable lipid in ether-CHClj 
extracts 

13.73 

1 

2.74 

■ 

IHI 

0.47 

190-200 

Total bound lipids 

54.21 

10.83 







vacuo. The substance was a snow-white powder, which weighed 
21.5 gm. and melted indefinitely, sintering at 60° and melting at 
90°. On further heating it gradually turned yellowish and de- 
composed at about 200°. The substance contained 0.13 per cent 
of phosphorus but it was free from nitrogen. A portion of this 
fraction was saponified and the cleavage products were examined, 
as will be described in Part IV. 

The filtrate and washings from the above substance were com- 
bined and evaporated to dryness under reduced pressure. The 
solid residue was not further examined. 

Unfiltrable Lipid — ^The Chamberland filter, through which the 
extract mentioned above had been filtered, was found to contain 
some gum-like material which was dissolved in ether, giving a 
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cloudy solution. The ether 'vvas evaporated and the residue vras 
dissolved in ligroin and this solution was centrifuged at high 
speed in order to remove suspended bacterial cells. The clear 
supernatant solution was decanted and evaporated to drjmess 
in vacuo. The residue was dissolved in 100 cc. of ether and an 
equal volume of alcohol was added, which caused a heavy white 
precipitate. The precipitate was coUected, washed with alcohol, 
and dried in vacuo. The product was a white granular powder 
which weighed 13.41 gm. The filtrate and washings on evapora- 
tion to dryness gave a residue which weighed only 0.32 gm. and 
which was not fmi;her examined. The principal portion of the 
unfiltrable lipid was examined, as will be described in Part 11. 
The several fractions of firmly bound lipids isolated from the 
avian tubercle bacillus are summarized in Table I. 

IL Composition of the Unfiltrable Portion of the Firmly Bound 

Lipids 

The unfiltrable fraction of the firmly bound lipid obtained as 
mentioned above melted with decomposition between 190-200°. 
On analysis the substance was found to contain 0.47 per cent of 
nitrogen and 0.70 per cent of phosphorus. Without any further 
attempt at purification a portion of the substance was saponified 
and the cleavage products were determined as described below. 

Saponification of Unfiltrable Lipid — 12.43 gm. of the substance 
were dissolved in 110 cc. of benzene and 30 cc. of 5 per cent alcoholic 
potassium hydroxide were added. This gave a perfectly clear 
solution, but on heating a cloudiness appeared and a precipitate 
separated gradually. After being refluxed on a water bath 
for 30 hours, the mixture was allowed to stand at room tempera- 
ture until the precipitate had settled. The supernatant was 
decanted and the insoluble material was collected on a Buchner 
funnel and washed with behzene. The benzene-insoluble sub- 
stance represented the carbohydrate component and was ex- 
amined, as will be described in Part III. 

Ether-Soluble Saponification Products — ^The benzene-alcohol 
solution was freed of excess of potassium hydroxide by means of 
carbon dioxide and the potassium carbonate was filtered off, washed 
with benzene, and discarded. The filtrate, after being concen- 
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trated to a volume of about 75 cc., was mbced with 250 cc. of ether 
and washed, first with dilute hydrochloric acid and afterwards 
with water, until the washings were neutral to litmus. 

The aqueous washings were neutralized with potassium hydrox- 
ide and concentrated to dryness. The residue was examined for 
glycerol in the usual manner, but none was found. 

The ethereal solution was dried over sodium sulfate and evap- 
orated to dryness. The residue was a slightly yellowish wax-like 
solid which weighed 4.3 gm. Unfortunately about one-half of the 
material had been lost during the isolation process. In a separate 
experiment it was found that the ether-soluble constituents liber- 
ated on saponification amounted to 64 per cent of the unfiltrable 
lipid. 

Ether-Soluble Constituents 

Isolation of Hydroxy Adds — ^The total ether-soluble material, 
4.3 gm., was dissolved in 20 cc. of ether and 50 cc. of alcohol were 
added, which caused a white amorphous precipitate, which was 
filtered off, washed with alcohol, and dried in vacuo. On concen- 
tration of the filtrate until the ether was removed, an additional 
small amount of precipitate separated and was filtered off. The 
alcohol-insoluble product consisted of hydroxy acids and weighed 
3.28 gm., corresponding to 76.2 per cent. 

The substances which remained dissolved in the alcoholic fil- 
trate were examined, as will be described later. 

The crude hydroxy acid melted at 56-58° and the equivalent 
weight determined by titration was 946. The substance was very 
slightly soluble in cold ether but was readily soluble in warm ether. 
It was practically insoluble in cold alcohol or acetone. The sub- 
stance after six precipitations from ethereal solution by cooling 
gave Fraction I, 0.5 gm., m.p. 64-67°, [q:]d in CHCb -1-0.9°, mol. 
wt. by titration 1156. 

From the mother liquors on concentration and precipitation 
with acetone two fractions were obtained which had the following 
properties. 

Fraction II — 0.9 gm., m.p. 60-61°, Wd in CHCb 4-2.3°, mol.wt. by titra- 
tion 965. Found, C 81.57, H 13.82. 

Fraction 717—1.1 gm., m.p. 59-60°, Wd in CHCh 4-3.9°, mol. wt. y 
titration 981. Found, C 81.74, H 13.76. 
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The simplest formula calculated from the analytical values is 
CTiHiuOa (1042). Calculated, C 81.76, H 13.62. The results 
obtained vrould indicate that the fractions \rere mixtures of higher 
hydroxy acids that were very similar in composition but which 
differed in melting point and optical rotation. 

Isolalion of Lower Fatly Adds — ^The alcoholic filtrate from the 
hydroxy acids was precipitated by the addition of an alcoholic 
solution of lead acetate. The lead salt was freed of lead in the 
usual manner and gave 0.1 gm. of a solid fatty acid which was not 
further examined. 

The filtrate from the lead salt was concentrated in vacuo nearly 
to dryness, transferred to a separatory funnel with ether, and 
washed first with dilute hydrochloric acid and afterwards with 


Table II 

Composilion of Ether-Solvhle Cojislituents of Unfillrable Lipid 



per ctnt 

Hydroxy fatty acida 

76.2 

Lower fatty acids 

5.6 

Neutral xnaterial, d*^icosanol-2 

15.5 


Total recovered 

97.3 


water until the washings were neutral to litmus. The ethereal 
solution was then extracted with 2 per cent potassium hydroxide. 
The alkaline extract yielded 0.14 gm. of a liquid fatty acid which 
was not further examined. 

The Neutral Material. Isolalion of d-Eicosanol-2 — The ethereal 
solution after the above extractions was evaporated to dryness 
and left a neutral crystalline residue which weighed 0.67 gm. 
The substance was recrystallized several times from ethyl acetate 
and was obtained in rosettes of colorless prismatic needles. The 
crystals melted at 62-63° and in ether solution showed Md = 
+7.1°. The crystal form and properties identify the substance 
as d-eicosanol-2 (7). 

The results of the examination of the ether-soluble constituents 
are summarized in Table 11. 

III. Composilion of the Polysaccharide of the Unfiltraile Lipid 

The material which had separated from the saponification mix- 
ture was dissolved in 50 cc. of water and the solution was made 
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faintly acid with acetic acid. A solution of neutral lead acetate 
was added in slight excess and the precipitate which formed was 
filtered off, washed with water, and discarded. The filtrate after 
being decolorized with norit was precipitated by the addition of 
basic lead acetate and ammonia. The lead salt was filtered off, 
washed, suspended in water, and decomposed with hydrogen 
sulfide. The lead sulfide was removed and the clear filtrate was 
concentrated to a thick syrup in vacuo. The syrup was dehy- 
drated by grinding under absolute alcohol until a fine, nearly 
white powder was obtained. The powder, after it had been fil- 
tered off, washed with absolute alcohol, and dried, weighed 3.9 
gm., w'hich is equal to 31.3 per cent of the lipid. 

The substance gave pentose color reactions with orcinol and 
phloroglucinol and also a reddish color with resorcinol. No color 
reaction was obtained with naphthoresorcinol and the substance 
did not reduce Fehling’s solution. 

On hydrolysis with 5 per cent sulfuric acid the maximum reduc- 
tion was reached in 3§ hours and amounted to 50.1 per cent, 
calculated as glucose. 

With immune horse serum the substance gave a precipitin reac- 
tion in dilutions up to 1; 500,000. 

On analysis the following values were obtained : phosphorus 1.04, 
nitrogen 1.81, and ash 2.04 per cent. 

Total Pentose Determination according to TollenP Method— 
0.5198 gm. of the substance gave 0.1399 gm. of phloroglucide. 
According to Efrober’s table this value corresponds to 0.1598 gm. 
of arabinose, which is equal to 30.7 per cent of the polysaccharide. 

The phloroglucide did not lose in weight on treatment with 
warm alcohol, thus indicating the absence of methylpentose. 

The results of the analyses indicate that the substance is a 
polysaccharide which gives pentose and other reducing sugars on 
hydrolysis. 

The solution which remained after the furfural had been dis- 
tilled off was decolorized with norit and evaporated to dryness 
in vacuo. The only substance that could be identified in the 
residues was inosite, of which 4.5 mg. were obtained. The sub- 
stance crystallized in the characteristic colorless prismatic needles, 
gave the Scherer reaction, and melted at 224-225°. 

Hydrolysis of the Polysaccharide — k portion of the polysac- 
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charide weigtung 2.1 gm. was hydrolyzed by refluxing with 25 cc. 
of 5 per cent sulfuric acid for 3f hours and the cleavage products 
were examined as follows: The solution was first extracted three 
times with chloroform but the extract on evaporation to dryness 
left only a trace of residue. It is evident, therefore, that neither 
fatty acids nor other chloroform-soluble substances were present. 
The solution was next decolorized with norit, after which the 
suKuric and phosphoric acids were removed quantitatively with 
barium hydroxide. The colorless filtrate was concentrated in 
vacuo to a volume of 20 cc. 

Test for Mannose — ^To 1.0 cc. of the above solution was added 
some phenylhydrazine dissolved in a few drops of alcohol. A 
crystalline precipitate appeared almost immediately, indicating 
the presence of mannose. The test solution was, therefore, com- 
bined with the mS.in solution and to the latter was added 1.0 gm. 
of phenylhydrazine dissolved in 1.0 cc. of alcohol. The mannose 
phenylhydrazone crystallized very rapidly and after standing for 
several hours in the refrigerator the crystals were filtered off, 
washed with water and with alcohol, and dried in vacuo. The 
crystals weighed 0.8623 gm., corresponding to 0.5748 gm. or 27.3 
per cent of mannose. After being recrystaUized from 80 cc, of 
60 per cent alcohol, massive, nearly colorless crystals were ob- 
tained, which weighed 0.65 gm. The powdered crystals when 
rapidly heated melted with decomposition at 196-197'’. A mix- 
ture of the above substance with authentic mannose phenyl- 
hydrazone melted with decomposition at the same temperature. 

Isolation of d-Arabinose — ^The filtrate from the mannose phenyl- 
hydrazone was freed of excess phenylhydrazine by means of 
benzaldehyde in the usual manner and the filtrate from the 
benzaldehyde phenylhydrazone was repeatedly extracted with 
chloroform, after which the solution was concentrated in vacuo 
to a thick syrup. 

Unfortunately, a small amount of the syrup was lost through an 
accident. Consequently the amount of the other reducing sugars 
could not be determined quantitatively. 

The syrup was stirred up with 10 cc. of 75 per cent alcohol, 
when a small amoxmt of material did not dissolve but remained as 
a syrupy mass. After standing for some time the clear super- 
natant solution was decanted. 



684 


Lipids of Tubercle Bacilli. LX 


The insoluble portion, after being dried in vacuo, weighed 0.35 
gm. and was examined, as will be described later. 

To the decanted solution was added 1.0 gm. of benzylphenyl- 
hydrazine and the mixture was warmed gently until a clear solu- 
tion was formed. The hydrazone began to crystallize within a 
few minutes. After the mixture had stood in the refrigerator 
overnight, the crystals were filtered off and washed with cold 
75 per cent alcohol and with ether. The product was snow- 
white and after being dried in vacuo weighed 0.9216 gm., corre- 
sponding to 0.4189 gm. or 19.9 per cent of d-arabinose. The 
product melted at 174° and gave no depression of the melting 
point when mixed with pure d-arabinose benzylphenylhydrazone. 
After being recrystallized from 20 cc. of 75 per cent alcohol, snow- 
white, fine needle-shaped crystals were obtained which weighed 
0.83 gm. The crystals melted at 174-175° and did not depress the 
melting point of an authentic sample of d-arabinose benzylphenyl- 
hydrazone. 

Galactose Benzylphenylhydrazone — The mother liquor from the 
arabinose benzylphenylhydrazone was concentrated under re- 
duced pressure until the alcohol was removed. The precipitate 
which separated was filtered off, washed with wmter, and dried 
in vacuo. The product was twice recrystallized from acetone and 
gave fine, colorless, needle-shaped crystals which weighed 0.1460 
gm., corresponding to 0.0730 gm. or 3.5 per cent of galactose. The 
crystals melted at 157-158° and there was no depression of the 
melting point of authentic galactose benzylphenylhydrazone which 
also melted at 157-158°. 

Isolation of Inosite — The mother liquor from the crude galactose 
benzylphenylhydrazone was freed of excess of benzylphenyl- 
hydrazine by means of benzaldehyde in the usual manner, after 
which the solution was concentrated to dryness in vacuo. 

The residue was dissolved in a little water and alcohol was added 
carefully until the solution was faintly cloudy. After the solu- 
tion had stood crystals separated, on scratching, which were 
collected and recrystallized in the same manner. The colorless 
prismatic crystals weighed 15 mg. The crystals gave the Scherei 
reaction and melted at 224°, The properties identify the sub- 
stance as inosite. 

Isolation of an Organic Phosphoric Acid — The material which 



Anderson, Creighton, and Peck 


685 


■was insoluble in 75 per cent alcohol and -which was referred to 
above weighed 0.35 gm. It gave the Scherer reaction, thus in- 
dicating the presence of inosite, and after being decomposed by 
the Neumann method gave a positive test for phosphorus. An 
organic phosphoric acid was isolated as follows: The substance 
was dissolved in a little water and lead acetate was added in ex- 
cess. The insoluble lead salt which separated was filtered off, 
washed -with water, and decomposed in aqueous suspension -with 
hydrogen sulfide. After remo'^ung the lead sulfide, the filtrate was 
concentrated under reduced pressure to a syrup. The latter was 
strongly acid in reaction and after drying in vacuo weighed 47 mg. 
The substance was insoluble in alcohol but could not be obtained 
in crystalline form. It gave a positive Scherer reaction and con- 
tained phosphorus in organic combination. 

Since the acid could not be crystallized, it was converted into 
the barium salt. The acid was dissolved in 10 cc. of water and 
the solution "was neutralized -with barium hydroxide, after which 
20 cc. of alcohol were added. The white amorphous powder 
which separated was collected, washed with alcohol, and dried 
in vacuo. The product was a white, amorphous powder which 
weighed 76 mg. The salt was analyzed after it had been dried at 
78° in vacuo over dehydrite. 

Analysis — Found, Ba 40.61, 40.60; P 8.99, 9.05 

These values correspond to the formula C9Hi60i4P«Ba2. 

CsHisOnPjBasCOSt.S). Calculated, Ba 40.13, P 9.05 

A barium salt of similar composition was isolated after alkaline 
saponification of the phosphatide of the hiunan tubercle bacillus 
(8). It was shown, however, that this organic phosphoric acid 
on hydrolysis gave mannose (9), and not inosite. The organic 
phosphoric acid isolated in the present investigation must have 
contained inosite and it was probably a compound of glycero- 
phosphoric acid and inosite monophosphoric acid. 

Discussion — ^The polysaccharides which are combined in the 
firmly bound lipids in the three types of acid-fast bacteria that 
have been studied in this Laboratory up to the present time vary, 
in composition with the type of bacteria. The various cleavage 
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products of the polysaccharides that have been identified are 
shown in Table III. 

It will be noticed that each polysaccharide when hydrolyzed 
with dilute sulfuric acid yields about 50 per cent of reducing sugars 
and that the latter have been accounted for by the amounts of 
mannose, d-arabinose, or galactose that have been isolated. So 
far it has been impossible to identify the non-reducmg portion of 
the polysaccharides. Small amounts of inosite have been iso- 
lated from the hydrolysis products of the polysaccharides from 
the human and avian bound lipids, but they represented only an 

Table III 


Cleavage Products of Polysaccharides Contained in Firmly Bound Lipids 


Type of bacillus 

Human A-10 

LepTosy, 
strain 370 

Avian 

Total reducing sugar on hy- 

per cent 

per cent 

i 

per cent 

drolysis 

57.0 

60.5 

50.1 

d-Mannose 

6.6 

None 

27.3 

d-Arabinose 

38.7 

41.4 

19.9* 

Pentose as phloroglucide 

39.5 

48.3 

30.7 

Other pentoses 

None 

7.0 

Probably none 

d-Galactose 

12.2 

1.0 

3.5* 

Inosite 

Small amount 

None 

Small amount 

Precipitin reaction 

1:1,000,000 

1:2,000,000 

1:500,000 

Glucosaminef 

Present 

None 

Present 


* These values are too low because a portion of the material was lost, 
t Determined by the method of Palmer, Smyth, and Meyer (10). 


insignificant fraction of the non-reducing portion. The polysac- 
charides from the human and avian bound lipids contained small 
amounts of nitrogen but the nature of the nitrogen compounds 
has not been fully established. Only small amounts of glucosam- 
ine were indicated by color reactions. Further studies will be 
necessary to determine the nature of the non-reducing portion of 
the hydrolyzed polysaccharides as well as the phosphorus and 
nitrogen compounds which occur in the polysaccharides of the 
bound lipids of the human and avian tubercle bacilli. 

IV. Composition of the Filtrable Portion of the Firmly Bound Lipids 

The filtrable fraction of the lipid which had been precipitated 
from ether solution with alcohol, as described in Part I, was a 
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■white po'wder weighing 21.5 gm., m.p. 60-90°. A portion of this 
substance was saponified and the cleavage products were exam- 
ined. 

For saponification 10 gm. of the substance were dissolved in 100 
cc. of benzene and 30 cc. of absolute alcohol containing 2.0 gm. of 
potassium h 3 ^droxide were added. The solution was perfectly 
clear at first, but on being heated to boiling on a water bath a 
precipitate began to separate. The solution was refluxed for 65 
hours and allowed to cool to room temperature, after which the 
supernatant was decanted. The insoluble material which con- 
sisted of water-soluble carbohj'drate formed a hard crust on the 
bottom of the flask and this was rinsed several times with warm 
benzene. 


Table IV 


Cleavage Products on Saponification of Filtrahle Lipid 



(7m. 

ptfr cent 

Hydroxy fatty acids 

6.9 

69.0 

Lower fatty acids 

0.37 

3.7 

Neutral material 

0.82 

8.2 

Crude polysaccharide 

1.50 

15.0 

Total recovered material 

9.59 

95.9 


The alkaline benzene-alcohol solution was refluxed on a water 
bath for 15 hours, but there was no further precipitation of car- 
bohydrate. The ether-soluble constituents were isolated and 
fractionated as described for the corresponding material obtained 
from the unfiltrable lipid. The carbohydrate was isolated by 
precipitation ■with basic lead acetate in tbe usual maimer. The 
products thus obtained are summarized in Table IV. 

Owing to the small amount of lower fatty acids this material 
was not further examined. 

A search was made for glycerol among the cleavage products, 
but none was found. The polysaccharide was not fully examined 
because the amount obtained was too small to permit of a complete 
analysis. It was determined, however, that the substance gave 
the same -pentose color reactions as the polysaccharide isolated 
from the unfiltrable lipid. 

The Neutral Material. Isolation of d-Eicosanol~2 — The neutral 
material consisted principally of <i-eicosanol-2. The substance 
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was recrystallized from ethyl acetate and gave colorless prismatic 
needles which melted at 62° and gave no depression of the melting 
point when mixed with a previously isolated sample of (f-eico- 
sanoI-2. 

Rotaiion — 0.3789 gm. of substance dissolved in ether and diluted 
to 10 cc. gave, in a 1 dm. tube, a reading of +0.26°; hence [a]^® = 
+ 6 . 86 °. 

Analysis — C2oH«0(298), Calculated. C 80.53, H 14.09 

Found. " 80.43, “ 14.49 

The Hydroxy Fatty Acids. Isolation of Avian y-Mycolic Acid— 
The hydroxy acids, as shown in Table IV, represented the chief 
constituent of the filtrable lipid. For purification the substance, 
6.9 gm., was dissolved in 150 cc. of warm ether and the solution 
was treated with norit and filtered. The colorless filtrate was con- 
centrated to about 50 cc. and mixed with an equal volume of 
acetone, whereupon a voluminous precipitate separated which 
was filtered off and washed with acetone. The substance was 
reprecipitated four times in the same manner. The product 
thus obtained. Fraction I, was a snow-white amorphous powder, 
which under the microscope appeared as fine, colorless, globular 
particles. The substance was only slightly soluble in cold ether, 
but it dissolved in warm ether. It was practically insoluble in 
cold acetone and it was more soluble in a mixture of warm ether 
and acetone than in pure ether. 

The mother liquors were concentrated to a volume of about 
50 cc. and allowed to cool. The substance that separated was 
reprecipitated from a mixture of ether and acetone and was 
obtained as a snow-white amorphous powder which was designated 
Fraction II. In solubility and properties this substance appeared 
to be identical with Fraction I. The data are summarized in 
Table V. 

Both fractions were tested for methoxyl by the Zeisel method, 
but no volatile iodide was obtained. 

The results show that the two fractions were very similar in 
properties and in composition. The substance will be designated 
by the name avian y-mycolic acid. 

The equivalent weights were determined by titration and are 
undoubtedly lower than the true molecular weight. It is very 
probable that we are dealing with a dicarboxylic acid. 
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The Methyl Esters — ^The meth}^ esters of Fractions I and II 
of the avian T-mj-colic acid were prepared by treatment with 
diazoniethane in ether solution. The solvent was evaporated 
and the residue was dissolved in ether and precipitated by the 
addition of acetone. Both ester fractions were obtained as white 
amorphous powders and both melted at 48^9°. The hj’'droxyl 
values given in Table V for the acid fractions were determined 
on the esters bj’^ the method of Stodola (11). 

Aeetyl Derivative of Avian y-Mycolic Acid — sample of the 
acid, Fraction I, 0.51 gm., was dissolved in 10 cc. of pyridine and 
2.0 cc. of acetic anhydride were added. After the solution had 
stood for 2 days at room temperature, it was poured into dilute 
hydrochloric acid. The white amorphous precipitate that sep- 
arated was filtered off, washed thoroughly with water, and dried 
in vacuo. The white powder weighed 0.53 gm. The substance 

Table V 


Properties and Composition of Avian y-Mycolic Acid 


Fraction 

No. 

Weight 

M.p. 

[“]n 

IQ CECh 

MoL wt. 

Iodine 

No. 

Hydroxyl 

value 

Carbon 

Hydrogen 


gm. 

•c. 

degrftt 



per cent 

percent 

percent 

I 

4.8 

65 

-1-5.3 

778 

4.1 

1.15 

80.89 

13.24 

II 

1.5 

65 

+5.7 

648 

9.0 

1.23 

79.47 

13.39 


was dissolved in 20 cc. of ether and the solution was mixed with 
an equal volume of acetone. On cooling the solution in ice water, 
a white globular powder separated which was collected, washed, 
and dried. The product weighed 0.4 gm. and melted at 43-44!°. 
The acetylated product was much more soluble in ether than was 
the original acid. 

Titration — 0.3747 gm. of substance dissolved in 50 cc. of ether 
required 4.26 cc. of 0.08566 n alcoholic KOH. Found, mol. wt. 
1026. 

Analysis — Found, C 80.51, H 13.34. 

V. Pyrolysis of the Hydroxy Acids of the Filtrable Portion of the 
Firmly Bound Lipids 

It appears to be a general property of the hydroxy acids isolated 
from the acid-fast bacteria to split on pyrolysis, yielding crystal- 
line fatty acids which distil off. The acids thus produced vary, 
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however, in composition and constitution with different types of 
bacteria. 

It has been found in this Laboratory that mycolic acid obtained 
from the wax of the human tubercle bacillus yields on pyrolysis 
normal hexacosanoic acid, which distils off, leaving a non-volatile 
neutral residue (4). The bovine mycolic acid behaves in a similar 
manner (12). A hydroxy acid isolated from the firmly bound 
lipids of the so called leprosy bacillus gave, on pyrolysis, a crystal- 
line acid which appeared to be a branched chain tetracosanoic 
acid, C24H48O2, m.p. 76-77°. 

The wax isolated from the avian tubercle bacillus yielded two 
hydroxy acids (13) named avian a- and /9-mycolic acid, which 
also split on pyrolysis. The avian a-mycolic acid gave a branched 
chain pentacosanoic acid, C26H50O2, m.p. 78-79°, while the (3-niy- 
colic acid gave normal tetracosanoic acid, C24H48O2, m.p. 83° 
(13). 

The hydroxy acid isolated in the present investigation differed 
in properties from both avian a- and /3-mycolic acids and hence we 
have named it avian Y-onycolic acid, as stated in Part IV. It 
appeared of interest to determine what products this new acid 
would give on pyrolysis. 

Since the two fractions of avian y-mycolic acid were so similar 
in properties, a mixture containing 1.5 gm. of Fraction I and 0.5 
gm. of Fraction II was used in the pyrolysis experiment. The 
acid contained in a small distilling flask provided with a wide 
outlet tube was heated in an air bath at a pressure of about 0.1 
mm. At a temperature of the air bath of 270-280° there was a 
raf)id distillation of a colorless oil, which immediately crystal- 
lized in the cool part of the outlet tube, and the reaction was 
completed in about 15 minutes. The crystalline distillate weighed 
S 0.36 gm,, corresponding to 18 per cent of the hydroxy acid. 

The residue in the distilling flask was a hard, faintly yellowish, 
wax-like material, which was examined, as will be described later. 

Examination of the Distillate — The crystalline distillate was 
removed and recrystallized three times from acetone. The 
product separated in the form of branching feathery crystals 
similar to the pentacosanoic acid obtained from the avian a-my- 
colic acid. The crystals weighed 0.3 gm. and melted at 80-81 , 
solidified at 79°, and remelted at 81-82°. 
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The mother liquors were concentrated to about 5 cc. and the 
small amoimt of acid which separated in bimdles of feathery- 
crystals was collected, washed, and dried. This fraction melted 
at 80-81°, solidified at 79°, and remelted at 81-82°. 

The fact that both the first and second crop of crystals melted 
at the same temperature would indicate that the distilled acid was 
homogeneous. 

In a mixed melting point with a sample of the pentacosanoic 
acid, m.p. 78-79°, obtained from the avian a-mycolic acid, there 
was a depression of 2°. Evidently, therefore, the two acids are 
not identical. 

Titration — 0.1260 gm. and 0.1312 gm. of substance dissolved 
in a mixture of benzene and neutral alcohol required 3.50 cc. and 

Table VI 


Properties and Composition of Non-Volatile Fractions of 
Avian y-Mycolic Acid 


Fraction 

No. 

Iodine No. 

Neutral 

equiralent 

i 

1 Carbon 

1 

1 Hydrojen 

1 

M.p. of 
ester 

Hydinxryl 
T^ue £rf 
ester 

1 


■M 

per cent 

per cent 

•c. 

percent 

I 

19 


82.26 

13.21 

48-49 

0.93 


16 


82.50 

13.67 

41-44 

None 


3.65 cc. of 0.09694 n alcoholic KOH. Found, mol. -wt. 371 and 
370. 


Analysis — Average of three analyses 

Ci,H4,Oj( 368). Calculated. C 78.26, H 13.04 
Found. “ 78.03, " 13.03 

The analytical values found are in close agreement with the 
calculated composition of a tetracosanoic acid. The peculiar 
crystal form of the acid, however, would suggest that it possesses 
a branched chain structure. 

Examination of the Non-Volatile Residue — ^The residue in the 
distilling flask was dissolved in about 20 cc. of warm ether and as 
the solution was cooled fine globular particles separated. The 
precipitate was filtered off, washed with cold ether, and dried 
in vacuo. The product, Fraction I, was a white, voluminous, 
amorphous powder which weighed 0.87 gm. On heating in a 
capillary tube, the substance sintered at 48° and melted at 58°. 
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The filtrate from the above product was diluted with an equal 
volume of acetone and cooled in ice water. The voluminous white 
precipitate, Fraction II, which separated was collected, washed 
with acetone, and dried in vacuo. The snow-white powder 
weighed 0.67 gm. and melted at 49-50°. 

Both fractions were unsaturated and they showed acid proper- 
ties when titrated in ethereal solution with alcoholic potassium 
hydroxide. The methyl esters were prepared by means of diazo- 
methane in ethereal solution and the hydroxyl value of the esters 
was determined by the method of Stodola ( 11 ). Fraction I 
apparently contained one hydroxyl group to one carboxyl, whereas 
Fraction II gave no hydroxyl value. Since both fractions were 
acid in reaction, they must have contained at least one carboxyl 
group. Evidently, therefore, the original 7 -mycolic acid must 
have contained at least two carboxyl groups. 

No claim to purity can be made for the two fractions of the non- 
volatile material, but certain analytical determinations were 
made and the results are recorded in Table VI. 

SUMMARY 

1. Avian tubercle bacilli after thorough extraction with neutral 
solvents yielded 10.8 per cent of firmly bound lipids on treatment 
with dilute hydrochloric acid and extraction with ether and 
chloroform. 

2. The firmly bound lipids were separated into filtrable and un- 
filtrable fractions by forcing a chloroform solution of the mixture 
through a Chamberland filter. 

3. The unfiltrable lipid gave on saponification 64 per cent of 
ether-soluble constituents and 31 per cent of a water-soluble 
polysaccharide, (a) The ether-soluble components consisted of 
76.2 per cent hydroxy acids of high molecular weight and un- 
known constitution, 5.6 per cent of lower fatty acids, and 15.5 
per cent of neutral material. ( 6 ) The neutral material consisted 
mainly of d-eicosanol-2, CH 3 (CH 2 )i 7 CHOHCH 3 . (c) The poly- 
saccharide gave on hydrolysis 50.1 per cent of reducing sugars 
consisting of mannose, d-arabinose, and galactose, together with 
traces of glucosamine and inosite. 

4. The solid portion of the filtrable lipid gave on saponification 
80.9 per cent of ether-soluble components and 15.0 per cent of 
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polj'saccharide. (a) The ether-soluble components consisted of 
69.0 per cent of hydroxy acids, 3.7 per cent of lower fatty acids, 
and 8.2 per cent of neutral material. (5) The neutral material 
consisted mainly of d-eicosanoI-2. (c) The hydroxy acid, named 
avian 7 -mycolic acid, was split on heating to 270-280° under 
reduced pressure, and gave a crystalline acid which distilled off, 
lea\Tng an unsaturated non-volatile residue, (d) The acid liber- 
ated on pyrolysis corresponded in composition to a tetracosanoic 
acid, C 24 H 4 s 02 , but it differed in crystal form from the ordinary 
straight chain fatty acids. 
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SODIUM AKD POTASSIUM IN' FROG MUSCLE* 

Bt H. burr STEIIsBACH 

(From the Department of Zoology, Columbia University, Neiv York) 
(Received for publication, February 16, 1940) 

The potassium content of muscle fibers depends, in part, upon 
the potassium concentration of the external medium (Fenn and 
Cobb, 1934). In tissues intact in the body, it has been shotvn that 
sodium enters the fibers as potassium leaves, either because of low 
potassimn in the blood (Heppel, 1939, 1940) or because of activity 
or fatigue (Fenn, 1938). Such findings suggest that the normal 
accumulation of potassium is due to some type of diffusion equi- 
librium which changes as the physiological condition of the cell 
changes and which probably is influenced by several factors or 
mechanisms. If in isolated muscle such an equilibrium e.xists, it 
should be possible to demonstrate its presence first, by showing 
that a simple relationship e.xists between sodium and potassium 
in muscle fibers (the sum of the concentrations of the two elements 
should be approximately constant) and second, by the ability of 
the fibers (after they have lost potassium, because of the low 
concentration outside) to reconcentrate potassium when the 
external concentration is raised. The experiments reported here 
show that potassium loss from isolated frog muscles is reversible 
and that changes in concentration of this element in the cells are 
accompanied by compensatory changes in sodium. 

Methods 

Sartorii from common laboratory frogs (mostly Rana pipiens) 
were used in all cases. These were handled essentially as described 
by Fenn and Cobb (1934). Muscles were removed with as little 
injury as possible and soaked for varying periods of time in 50 to 
100 times their weight of solution. Two modifications of normal 
Ringer’s solution were made up. One contained, besides the usual 

* Acknowledgment is made to the Work Projects Administration of 
New York for assistance rendered under Project No. 24. 
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constituents, 0.01 n KCI (K-Ringer’s solution); the other ^vas 
made up without potassium (K-free Ringer’s solution). The 
total chloride content in all cases was 0.124 n. 

As a rule, each muscle was analyzed for both sodium and potas- 
sium. The tissues were ashed and the residues put into acid 
solution and made up to 5 cc. Aliquots were taken for the sepa- 
rate analyses. Variations in sodium and potassium contents of 
sartorius muscles were within the ranges usually reported (see 
Fenn (1936)). It was found impractical to determine chloride 
on the same muscle used for either sodium or potassium analysis 
and hence the figures correlating chloride space with potassium 
content were arrived at by subjecting paired muscles to exactly 
the same experimental procedure and then analyzing one for chlo- 
ride, the other for potassium and sodium. OtJjer figures for chlo- 
ride compared with sodium and potassium are also reported; these 
were obtained by averaging four or more determinations of each 
element on muscles from different animals which were carried 
through the same experimental procedures at the same time. 

Muscles were routinely tested for irritability by single condenser 
shocks. Since no particular relationship was observed between 
loss of potassium and loss of irritability, the results wdll not be 
reported in detail. 

Potassium was determined by the chloroplatinate method used 
in other investigations (Steinbach, 1937). Sodium was precipi- 
tated by the method of Salit (1932)* and the rest of the determina- 
tion carried through according to the method of Bali and Sadusk 
(1936). Some difficulties were encountered with the washing of 
the uranyl zinc sodium acetate precipitate, apparently owing to 
a change in the salt used to saturate the acetic acid wmsh fluid. 
These difficulties were overcome by saturating the wmsh fluid with 
freshly prepared triple acetate several hours before each day's run. 

Chloride was determined by a method slightly modified from 
that of Patterson (Peters and Van Slyke, 1932). All methods 
were standardized against standard solutions and rechecked 
frequently. 

* In accordance with Ball and Sadusk and others it was found essential 
to stir the solution rapidly during precipitation of the Na. The simplest 
and most effective way found for stirring in a 15 cc. centrifuge tube was to 
use the high frequency, low amplitude vibrations from an ine.xpensive 
electric shaver, transmitted through a slender glass stirring rod. 
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Eesulls 

Fig. 1 summarizes the most important findings of these investi- 
gations. Although there is some variability, it is clear that there 
is a proportional gain of sodium as potassium is lost. The chloride 



Fig. 1. Na and Cl plotted against K in muscle tissue. The concentra- 
tions are expressed in milliequivalents per 100 gm. of the final wet weight 
of the tissue. The dots represent Na and K, the crosses. Cl and K, each 
determined by analysis of one of a pair of sartorii. The crosses in circles 
represent Cl and K, each point representing average figures from four or 
more analyses of muscles from different frogs but treated in the same way 
at the same times. The figures are not corrected for extracellular space. 
The light line represents the chloride values that would be expected if all 
the potassium loss were due to increased chloride space. The points con- 
nected by the dotted lines illustrate reversal of the potassium loss and 
sodium gain (see the upper part of Table I and also the description in 
the text). 
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space measurements show that this is an exchange phenomenon 
as long as the potassium content remains above about 3 milli- 
equivalents per cent of the final wet weight. When more potas- 
sium is lost, chloride is apt to enter along with the sodium, pre- 
sumably indicating the destruction of cells and the abolition of the 
normal physiological exchange reaction. The fact that the experi- 
mental points fall fairly well along the same straight line regardless 
of chloride space changes is to be expected, since the cells are 

Table I 

K and Na Exchange in Frog Muscle 
The results are given in milliequivalents per cent of the final wet weight 
of tissue. 


Frog o. 

MubcIo 

No.* 

Na 

K 

Cl 

Change 

1 

1 

5.95 

3.60 

2.82 

Na -2.67, K 


2 

3.28 

6.05 

2.94 

-F2.45, Cl 
none 

2 

1 

5.35 

3.75 

2.97 

Na -1.93, K 


2 

3.42 

5.30 

2.78 

-fl.55. Cl 
none 

Pooled analysest 

1 

! 

5.04 

(4) 

3.44 

(8) 

3.79 

(8) 

Na -1.00, K 
+1.55, Cl 


2 

4.04 

(4) 

4.99 

(8) 

4.10 

(8) 

+0.31 


* All muscles w'ere soaked overnight (17 hours) in K-free Einger's solu- 
tion; Muscles 1 were then removed for analysis and Muscles 2 were placed 
in K-Einger’s solution (Einger's fluid made up 0.01 n in potassium) for 6 
to 8 hours and then analyzed. 

t The figures in parentheses give the number of separate analyses making 
up the average figure. The figures are not eorrected for extracellular space. 

immersed in isotonic NaCl solution and either an ion exchange or 
penetration of the complete salt would show about the same gain 
of sodium as potassium is lost. 

Experiments were carried out to show that the ion exchange is 
reversible. Paired muscles were soaked overnight in K-free 
Ringer’s solution. One member of each pair was then taken for 
analysis; the other muscle was transferred to K-Ringer’s solution 
for 6 to 8 hours and then analyzed. Control pairs of muscles from 
other frogs were treated the same way and analyzed for chloride. 
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The upper part of Table I gives, as representative results, such a 
series in which the chloride space showed no appreciable change. 
The same results are shown in Fig. 1 as the points connected by 
dotted lines. It is clear that a considerable part of the potas- 
sium lost to K-free Ringer’s solution is regained upon immersion 
in K-Ringer’s solution and that the sodium exchange has been 
opposite and nearly equal. 

The lower part of Table I gives average figures for all of the 
experiments carried out to test the reversibility of the potassium 
loss. These are not reported in detail, since the control analyses 
for chloride showed several cases in which the chloride space 
increased markedly and hence the figures lose their comparative 


Table II 

Average KConlents of Frog Sarlorii Soaked in K-Free Ringer’s Solution 



No. of anal>*BC3 

Kin tissue 

hrt. 


m.cj. jxr cmt final teei isright 

2 

4 

7.10 

5 

2 

6.65 

17 

10 

3.45 

18 

4 

3.35 

19 

7 

3.00 

24 

4 

2.73 

27 

2 

2.87 


validity to a certain extent. The averages, however, show the 
same general type of change, only to a less marked extent. This 
would indicate that even when some of the fibers of a muscle die, 
the surviving cells still possess the power to accumulate potassium. 
The same results also could be interpreted as showing that the 
penetration of chloride into the cells is irreversible. 

In a general way, potassium loss to K-free Ringer’s solution is a 
function of time (Table II). However, considerable variability 
was noted both with respect to the rate of potassium loss and to 
the rate at which muscle fibers died, as indicated by an increase 
in the chloride content. The cause of this variation was not ascer- 
tained, but it should be emphasized that the length of time of 
treatment of a given tissue is of little value in accmately esti- 
mating ion changes in that tissue. 
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Several experiments were carried out in which muscles were 
soaked overnight in K-Ringer’s solution. These experiments 
confirm Fenn’.s results showing that muscles neither gain nor lose 
K to a Ringer's fluid approximately 0.01 n in potassium. 

DISCUSSION 

From these results it is clear that potassium and sodium in the 
cells of isolated frog muscle are in some sort of equilibrium with the 
ions of the external medium. The experiments give no informa- 
tion about relative rates of penetration of sodium or potassium 
ions but they do rule out the possibility that a simple sieve mecha- 
nism can account for the concentration of potassium in normal 
muscle cells. It seems highly probable that some mechanism like 
that proposed by Teorell (1935) would be operative, particularly 
since potassium chloride, of all the naturally occurring electro- 
lytes, is most nearly “indifferent.” Since the ionic ratios are not 
consistent with this scheme, however, there must be other impor- 
tant factors. One of these, which has received little experimental 
attention, is the possibility that the activities of the sodium and 
potassium compounds formed within the cell may be quite dif- 
ferent. If, for example, the apparent dissociation of some organic 
potassium compound within the cell was less than that of the cor- 
responding sodium compound and if the organic anion was indif- 
fusible, then the distribution ratios of total sodium and potassium 
within and without probably would be altered in the correct direc- 
tion; that is, toward a high cellular content of potassium. 

Conway and Boyle (1939) have recently published a short note 
on the mechanism of potassium accumulation. In the absence of 
a more extended presentation of their theory, it suffices to point 
out here that their final conclusion, that the potassium concen- 
tration inside the cell is equal to half the total external osmotic 
concentration, obviously does not hold for these observations. 

SUMMARY 

As potassium is soaked out of frog muscle by treatment with 
K-free Ringer’s solution, sodium enters in exchange. This ex- 
change is reversible as long as the muscles do not lose more than 
about half of their original potassium content and provided that 
the chloride content of the tissue remains about the same. 
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PREPARA.TION OF d(-)-GLUTAMIC ACID FROM dl- 
GLUTAMIC ACID BY ENZYMATIC RESOLUTION 

Bt JOSEPH S. FRUTON, GEORGE W. IRVING, Jb., aot MAX 
BERG^LANN 

(From the Laboratories of The Rockefeller Institute for Medical Research, 

New York) 

(Received for publication, February 29, 1940) 

It has pre\'iously been shovm (1) that papain as well as other 
proteinases can perform the enzjonatic sjTithesis of CO — ^NH 
linkages. Thus, in the presence of HCN-papain, carbobenzoxy- 
gljxine and aniline were combined to form carbobenzoxj'glycine 
anilide. When a derivative of an asymmetric amino acid was 
employed, only the derivative of the Z-amino acid participated in 
the synthesis. The asjTnmetric course of this reaction provides 
the basis for a general method for the resolution of racemic amino 
acids. In this note the preparation of the “unnatural” d(— )-glu- 
tamic acid is described. This amin o acid has been employed for 
the synthesis of peptides required in studies on the antipodal 
specificity of proteolytic enzjmes of normal and patholo^cal 
tissues. 

Carbobenzoxy-dZ-glutamic acid was treated ndth aniline in the 
presence of papain-cysteine. The filtrate from the carboben- 
zoxi'-Z-glutamic acid anilide usually jnelded a mixture of carboben- 
zoxj’’-d- and Z-glutamic acids in the proportion of 4:1. On hydro- 
genation and conversion of the glutamic acids to the hydro- 
chlorides, it was possible to obtain, after a few recrj^staUizations 
(2), pure d(— )-glutamic acid. 

Resolutions of dZ-glutamic acid have been described by Schulze 
and Bosshard (3), Fischer (4), and Ehrlich (5). Recently Ivano- 
^^cs and Bruckner (6) have isolated d( — )-glutamic acid from the 
capsular substance of bacteria of the meseniericus group. 

EXPERIMENTAL 

dl-Gluiamic Add Hydrochloride — ^This substance was prepared 
according to the method described in an earlier paper (7). 
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Carbobenzoxy-dl-Glutamic Add — This compound was prepared 
as described for the I form (8). 65 gm. of dZ-glutamic acid hydro- 
chloride yielded 81 gm. of carbobenzoxy-cZZ-glutamic acid. M.p 
119°. 


CijHitOeN. Calculated. C 55.5, H 5.4, N 5.0 
281.1 Found. "55.4, " 5.4, " 5.2 

Resolution of Carbobenzoxy-dl-Glutamic Acid with Papain- 
Cysteine — 70 gm. of carbobenzoxy-dZ-glutamic acid were dissolved 
in 135 cc. of 2 N NaOH and added to 47 gm. of aniline. A solution 
of 3 gm. of cysteine hydrochloride in 100 cc. was added, followed 
by the enzyme solution containing 8 gm. of purified papain (9) 
in 200 cc. of water. 200 cc. of 0.2 m citrate buffer (pH 5.0) were 
added and the reaction mixture was made up to 1 liter. Crystal- 
lization of the carbobenzox 3 '’-Z-glutamic acid anilide began almost 
instantl 5 ^ The reaction mixture was left at 40° for 2 days. The 
crystalline precipitate was filtered off, and the filter cake re- 
suspended in 600 cc. of water and refiltered. All the filtrates and 
washings were combined and the clear solution was concentrated 
to about 200 cc. Concentrated hydrochloric acid was added 
(Congo red acidity) and the resulting syrup extracted three times 
with ethjd acetate. The ethyl acetate layer was washed with 
water, dried, and concentrated to a syrup. Petroleum ether was 
added; and, after the material had stood overnight in the cold, 
the syrup crystallized. The air-dried material weighed 38 gm. 

= +4.1° (8.4 per cent in glacial acetic acid). The specific 
rotation of carbobenzoxy-Z-glutamic acid is —7.1° (8). 

d-Glutamic Acid Hydrochloride — 35 gm. of the above mixture of 
carbobenzoxy-d- and Z-glutamic acids were dissolved in 100 cc. of 
methyl alcohol and hydrogenated with palladium black as the 
catalyst. The hydrogenation required 8 to 10 hours and the 
glutamic acid separated out. Water was added and the catalyst 
was filtered off and washed wdth hot water. The combined 
filtrates were evaporated down, jdelding a crystalline residue. 
This material was dissolved in 70 cc. of 20 per cent hydrochloric 
acid, and dry HCl passed through the solution. The crystals that 
separated out on standing in the ice box were collected the next 
day and dried in vacuo over KOH. Yield, 16 gm. [q:]d* = —23.0 
(3.4 per cent in 10 per cent hydrochloric acid). 
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Two recrj'stallizations from 20 per cent hydrochloric acid 
raised the rotation to the correct value. Yield, 11.8 gm., or 
46 per cent- of the theoiy (based on the quantity of dl-glutamic 
acid hydrochloride employed). [a]o^ = —32.0° (3.6 per cent in 
10 per cent hydrochloric acid). 

C,H,0,K-HC1. Calculated. C 32.7, H 5.5, N 7.6 
183.6 Found. “32.9, "5.4, “7.5 
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THE EfERTIA OF HIGHLY UNSATDRATED FATTY ACIDS 
m THE ANIMAL, INVESTIGATED WITH DEUTERIUM* 

Br KARL BERNHARDf a.vd RUDOLF SCHOENHEUvIEE 

{From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, February 26, 1940) 

There are two general methods of investigating the ability of 
animals to synthesize fatty acids. The first of these involves 
balance studies on diets restricted with respect to fats or individual 
fatty acids. By this procedure it has been found that animals 
can synthesize all “natural” fatty acids except those containing 
two and three double bonds, such as linoleic and linolenic acids. 
As these imsaturated acids are required in the diet in small 
amounts, their function has frequently been considered to be 
sunilar to those of the vitamins. Their absence from the diet 
leads to a characteristic deficiency syndrome (1) and to their slow 
disappearance from the animal fat (2). 

The second method of investigation involves the use of isotopes. 
If the body fluids of animals are artificially enriched with deu- 
terium oxide, the synthesis of fatty acids from smaller units will 
necessarily result in the formation of fatty acids containing stably 
bound deuterium (not removable by treatment with aqueous acid 
or alkali). It has been foimd (3, 4) that the content of stably 
boimd deuterium of the fatty acids of mice kept imder such experi- 
mental conditions increases with time even when the animal is in 
a steady state with respect to fat content and fat composition. 
The results indicated a simultaneous and equivalent synthesis 
and destruction of fatty acids in normal animals. 

This interpretation presupposes the absence of any biological 

* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 

t Fellow of the Rockefeller Foundation. Present address, Physiol- 
ogisch-chemisches Institut der ITniversitat, Zurich. 
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mechanism which permits mere physical exchange of carbon- 
bound hydrogen when no chemical reaction occurs. In only two 
cases has it as yet been found possible definitely to exclude the 
occurrence of such a mechanism whereby carbon-bound h3drogen 
is merely labilized. It has been found (5) that the amino acid 
lysine, in contrast to other amino acids, does not take up deuterium 
from the body fluids of animals given hea\y water to drink, indi- 
cating (a) that lysine is not formed in the animal from other sub- 
stances, and (b) that no labilization of carbon-bound hydrogen of 
this substance occurs in vivo. Analogous findings were obtained 
on fatty acids in the yolk of hen's eggs' (3). 

For the investigation of unsaturated acids, we have kept mice 
in two series of experiments on a. diet so low in fat that deposition 
of dietary fatty acids, especially unsaturated ones, must have been 
negligible. The deuterium content of the body fluids was raised, 
as in earlier experiments (3-5), by giving the animals dilute hea ^7 
water to drink. The animals Avere kept under these conditions 
for 7 and 15 days, when they Avere killed. From the body fat, 
highly unsaturated fatty acids AA'ere isolated as their difficultly 
soluble bromides. The total amounts found Avere low, as was to 
be expected from the relathmly long period of fat starvation, and 
only one individual highly unsaturated fatty acid could, therefore, 
be isolated from each sample of fat. In the first series of experi- 
ments, the tetrabromide of a-linoleie acid AAms isolated; in the 

‘ The statement regarding the lack of fat formation in the developing 
egg may need qualification. While no fatty acid synthesis occurs in the 
yolk, a very limited synthesis has now been observed to occur in the embryo. 
In a recent study, to be continued, we have repeated the earlier experiments 
(3) by injecting 0.8 cc. of DjO into a fertilized chicken egg which was then 
incubated for 17 days. The water of the egg contained 1.62 ± 0.02, the 
fatty acids from the yolk 0.01 ± 0.02, but those from the embrj'o 0.14 ± 0.02 
atom per cent deuterium respectively. The negative results in the previous 
experiments are due to the fact that the embryo and jmlk were worked up 
together. Since the yolk contains about 8 times as much total fatty aci 
as the embryo, the deuterium of the latter was diluted wdth the norma 
hydrogen of the former to a value (0.01 atom per cent) so low as to a 
wdthin the experimental error of our method. This finding of a sma 
amount of deuterium in the fatty acid of the embryo is of interest in con 
nection with the results obtained with radioactive phosphorus by Heves) 
and Hahn (6) who found phospholipid synthesis to occur in the tissues o 
the embryo but none in the yolk. 
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second, a hexabromide melting sharply at 139-140° ■was obtained. 
The latter material is not identical -with the insoluble hexabromide, 
m.p. 179°, of linolenic acid from linseed oil. We have not suc- 
ceeded in isolating any tetrabromides from these animals. Only a 
small quantity of linoleic acid could have been present. 

None of the samples of highly unsaturated fatty acids contained 
any deuterium above the experimental error of the analysis. On the 
other hand, the saturated acids, as ■well as the total unsaturated 
acids consisting mainly of oleic acid, contained considerable quan- 
tities of stably bound deuterium. 

The absence of deuterium in the highly unsaturated compoimds 
definitel}”^ indicates that: (1) In contrast to stearic, palmitic, and 
oleic acids, neither of the two highly unsaturated acids had been 
biochemically sjmthesized from smaller units. (2) Wliereas oleic 
acid and stearic acid are mutually interconvertible by a process- 
of hydrogenation and dehydrogenation in the animal body (7, 8), 
the more highly unsaturated fatty acids caimot have been derived 
from stearic acid by dehydrogenation. (3) No mere physical 
exchange of carbon-bound hydrogen occurs in these highly unsatu- 
rated fatty acids, not even in the course of their esterification ■ndth 
glycerol (a reaction in which they are known to participate in the 
animal). The first two conclusions are in agreement with the 
findings of earlier investigators on the indispensability of these 
acids. The third maj*^ be taken as additional e^vddence in support 
of the view that no fatty acid undergoes simple exchange reactions 
in the animal. The biological introduction, in one and the same 
animal, of deuterium into some species of fatty acids but not into 
others can scarcelj'- be explained in any other way than that the 
former have partaken in chemical reactions invoh^ing carbon- 
bound hydrogen atoms but the latter have not. 

EXPERIMENTAL 

Experiment A — Twenty male mice of 22 gm. average weight 
were placed on a diet consisting of dried whole wheat bread exhaus- 
tively extracted with ether. For drink, they were given 4 per 
cent heavj' water. After 15 days they were killed. A sample of 
water distilled from the bodies contained 2.96 atom per cent. 
The total fatty acids of the bodies were isolated, and the saturated 
and unsaturated fractions were separated by the lead salt method. 
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The total fatty acids contained 0.62, the saturated fraction 0.76 
and the unsaturated fraction 0.49 atom per cent deuterium 
respectively. 

Isolation of Teirahromide of a-Linoleic Acid — ^To a solution of 
12.7 gm. of unsaturated fatty acids in petroleum ether (purified 
with concentrated H 2 SO 4 ) was added a solution of bromine in 
petroleum ether until a faint red color persisted. The precipitate 
formed was filtered off and extracted with petroleum ether by 
shaking for several hours in a glass-stoppered bottle. The undis- 
solved material (1.98 gm.) was completely soluble in ether, chloro- 
form, and hot ethanol. It was recrystallized from hot ligroin 
from which it separated in long needles of melting point 114-115° 
unchanged on admixture with an authentic sample of thetetra- 
bromide of a-linoleic acid prepared from poppy oil according to 
Rollett (9). 

Analysis — CisHjzBr^Os. Calculated, Br 53.31; found, Br 53.28 

For the deuterium analysis ( 10 ), 400 mg. were burned after being 
mixed with powdered silver oxide. The resulting water contained 
only traces of bromine which were removed by treatment for 1 
day with copper metal. The purified water contained 0.02 ± 0.02 
atom per cent deuterium. 

Experiment B — Forty male mice of 20 to 22 gm. each were 
injected subcutaneously with 0.5 cc. of concentrated DiO in order 
to raise the deuterium content of the body fluids to about 2.5 
atom per cent, and were then given 4 per cent heavy water instead 
of ordinary drinking water. After 7 days they were killed and 
the internal organs (liver, spleen, lungs, kidneys, and intestinal 
tract) were removed. Samples of tissue water were distilled from 
groups of ten animals and from the combined organs of groups of 
twenty animals. The deuterium analyses of these are given 
in Table I. 

In order to prevent oxidation of the highly unsaturated fatty 
acids, each group of ten carcasses was placed in 300 cc. of a solu- 
tion containing 25 per cent of KOH, 25 per cent of methanol, and 
50 per cent of H 2 O. These mixtures were kept for 2 days at 30 , 
when all material except the skeletons was dissolved, filtered 
through glass wool, acidified with H 2 SO 4 , and four times extracted 
with pure petroleum ether. The extracts were concentrated to a 
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smnH volume and again treated -with methanolic KOH, The 
unsaponifiable fraction was removed by exhaustive extraction 
with petroleum ether, and the fatty acids were obtained after 
acidification and extraction with petroleum ether. The total 
amount of fatty acid was determined in an aliquot and found to 
be 44.3 gm. A portion of this same aliquot was found to contain 
0.41 db 0.02 atom per cent deuterium. Another portion was 
separated into saturated and unsaturated fractions. The satu- 
rated fraction contained 0.58 ± 0.02 and the unsaturated fraction 
0.34 ± 0.02 atom per cent deuterimn, respectively. 

Isolation of Odadecalrienoic Acid Hexabromides — ^To the remain- 
der of the total carcass fatty acids (30.8 gm.) in petroleum ether 
was added bromine, as described above. 3.63 gm. of crude bro- 


Tabug I 

Contents of DeuCerium in Body Fluids 



1 Deuterium in water 

Group No. 



From carcass 

From internal organs 


atom per cent 

atom 'per cmi 

I 

2.39 

2.37 

II 

2.31 

III 

IV 

2.24 

2.26 

2.19 


mides were obtained, which were shaken three times for 3 hours 
each with petroleum ether. The imdissolved material was ex- 
tracted with hot benzene to separate tetra- and hexabromides 
from the insoluble octa- and decabromides. The benzene was 
evaporated in vacuo, and the crystallized residue twice reciystal- 
lized from hot ethanol. The substance melted sharply at 
139-140°. 


Anotysis— CijHnOjBre. Calculated, Br 63.29; found, Br 63.24 

As the amount of material was small, it was combined with a 
sample obtained from the alcoholic mother liquor, which might 
have contained some tetrabromides. The combined material 
contained 0.01 ± 0.02 atom per cent deuterium. 
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SUMMARY 

1. The question of the formation of doubly and triply unsatu- 
rated fatty acids was studied with the aid of deuterium in mice 
on a fat-low diet of bread and heavy water. 

2. In agreement with earlier experiments, the saturated as well 
as the total unsaturated fatty acids isolated from these animals 
contained considerable amounts of stably bound deuterium, the 
saturated fraction more than the unsaturated one. 

3. The unsaturated fractions yielded a-linoleic acid as the tetra- 
bromide and a triply unsaturated acid as the hexabromide. None 
of the samples contained an amount of deuterium above the limit 
of the error of analysis. These higher unsaturated acids, in 
contrast to the other fatty acids of the same animals, had there- 
fore not been biochemically synthesized, but must have been 
derived directly from the diet. 

4. The finding is new confirmation that hydrogen of —CHj, 
— CHa — , and =CH — groups in fatty acids is not exchangeable 
with the hydrogen of the water of the body fluids in which they 
are dissolved or suspended. Introduction of hydrogen from body 
fluids occurs only in the course of chemical reactions. 
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THE RATE OF FORMATION OF STEARIC AND PALMITIC 
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The appearance of stably bound deuterium in fatty acids of 
animals given heavy water to drink can be taken as an indicator 
of fat formation (1, 2). All fatty acids hitherto investigated, 
with the exception of the doubly and triply unsaturated acids 
(3), take part in a continuous process of synthesis and destruction. 
By determining the rate of “uptake” of deuterium into the fatty 
acids of different organs of animals on a fat-free diet, it is possible 
to obtain an indication as to the relative “activity” of various or- 
gans in regard to fatty acid formation. The faster the process of 
fat formation in a particular organ, the faster the “uptake” of 
deuterium into its fatty acids. 

Site of Fatly Acid Formation — ^The heavy water content of the 
body fluids of mice was artiflcially raised to 2.4 to 4.4 per cent by 
methods previously described. The mice were kept on a diet low 
in fat for 2, 3, 6, and 15 days respectively, when they were killed. 
Fatty acids were isolated from the fat tissues, liver, intestinal 
wall, and kidneys. Except for the material from the latter organ, 
the acids were separated into the saturated and unsaturated frac- 
tions and their deuterium content determined (Table I). 

If formation of fatty acids had occiured mainly in one organ, 
the deuterium content of its acids should be higher than in those 
of any other organ. This, however, is true only in experiments of 
short duration. If the experiments be carried out over a longer 

* This work was carried out with the aid of grants from the Rockefeller 
Foundation and the Josiah Macy, Jr., Foundation. 

t Fellow of the Rockefeller Foundation. Present address, Physiol- 
ogisch-chemisches Institut der Universitat, Zurich. 
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period, the fatty acids formed in one organ may be equally dis- 
tributed over all other organs, which then would have the same 
high deuterium content. 

In all experiments the deuterium content of the fatty acids from 
the liver was higher than in those from the other organs. The 
liver is thus the most "active’^ organ. As it is generally accepted 
that fats from the liver may be transported to the fat tissues and 
possibly also to other organs, we cannot exclude the possibility 
that the deutero fatty acids found in the other organs had their 
origin in the liver. Of the four organ fats investigated, the deu- 
terium content in that from the depots was lowest, while those 
from the intestinal wall and kidney were intermediate between 
liver and depot. 

Our finding is in agreement with the results of Ussing (4) who 
had given rats heavy water to drink and showed the fatty acids of 
the liver to have a deuterium content higher than that in the fat 
depot. The author also suggested that fat formation in the liver 
is more rapid than in other organs. 

Rate of Synthesis of Stearic Acid Compared with That of Palmitic 
Acid — The fats of higher mammals contain mainly palmitic, 
stearic, and oleic acids. The other acids (palmitoleic acid, highly 
unsaturated acids, etc.) occur in lower concentrations. If the 
rates of synthesis and destruction of the various fatty acids, i.c. 
their regeneration,’^ differ, they should take up deuterium (from 
D 2 O of the body fluids) with different rates. We have isolated 
the saturated fatty acids from the depot fats of mice, the body 
fluids of which contained 3.46 atom per cent deuterium for a 
period of only 2 days (Experiment A, Table I). The saturated 
fatty acid fraction contained 0.55 atom per cent deuterium. Pal- 
mitic and stearic acids isolated from this material by fractional 
distillation of the methyl esters (6) contained 0.56 and 0.54 atom 

1 In previous papers from this laboratory the term “turnover” has been 
employed for the designation of the process of simultaneous degradation 
and synthesis of organic compounds. “Turnover,” however, is generally 
employed for the replacement of a compound by another of the same 
species from any source, including the diet. All substances in the living 
organism are “turned over,” even inorganic ions. However, only certain 
compounds are “regenerated.” Hevesy (5) has employed the word reju- 
venation for the replacement of part of a molecule; i.e., for phosphate in 
phospholipid by other phosphates. “Rejuvenation” is thus included m 
the concept of “regeneration.” 
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per cent respectively; i.c., the same concentration within the error 
of the analytical procedure. Similar results had been obtained 
in earlier experiments from this laboratory (2) when mice were 
given hea\^ water to drink for periods of 5 and 37 days. Both 
palmitic and stearic acids isolated from the bodies of the animals 
had the same deuterium content as that of the total saturated 


Table I 


Bculcrium Content in Fatty Acids from Mice Given Heavy Water to Brink 






Deuterium content (atom per cent) in fatty acids of 



Dura- 

tion 










Exper- 

No. of 

Deu- 

terium 

Depot 

Liver 

Intestinal wall 

Kidney 

No. 

mols 

exper- 

iment 

fluids 

Total 

acids 

Satu- 

rated 

acids 

Unsat- 

urated 

acids 

Satu- 

rated 

acids 

Unsat- 

urated 

adds 

Satu- 

rated 

acids 

Unsat- 

urated 

acids 

Total 

acids 



days 

atom 
per cent 









A 

20 

2 

3.46 



0.26 

1.35 

0.61 

0.72 

0.35 

0.44 

B 

10 

3 

4.43 

0.64 

0.98 

0.50 

2.06 

1.49 

1.41 

1.07 

0.83 

G 

10 

6 

2.40 



0.32 

1.35 

1.06 

0.82 

0.50 

0.59 

D 

20 

15 

2.96 

B 



1.41 

0.80 

1.02 

0.57 

0.75 


Table II 

Deuterium Concentration in Palmitic and Stearic Acids from Mice Given 
Heavy Water to Drink 


Deuterium content (atom per cent) in fattj* 
acids 



Experiment A 

Experiment 1* 

Experiment 2* 

Total saturated acids 

0.55 

0.29 

0.58 

Palmitic acid 

0.56 

0.30 

0.51 

Stearic “ ... 

0.54 

0.27 

0.63 



* Experiments I and 2 correspond to Experiments A and B of the paper 
by Rittenberg and Schoenheimer (2). The body water of the mice con- 
tamed 1.70 and 1.62 atom per cent deuterium respectively. The former 
experiment was of 5 and the latter of 37 days duration. 

fraction from which they were secured. As the former experi- 
ments were of comparatively long duration, the fatty acids were 
isolated at a time when their deuterium content was already 
closer to the maximal deuterium content that can possibly be 
reached. The new finding taken together with the older ones 
(Table II) may be taken as indication that both acids are de- 
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stroyed and resynthesized (regenerated) at the same rate in normal 
animals. 

The fats of normal mice contain several times as much palmitic 
acid as stearic-acid. The finding of equal deuterium concentration 
in both substances indicates that the same relative proportion of 
the two acids is regenerated simultaneously. At the time when 
half of all 'palmitic add 'molecules are degraded and newly formed, 
the same has happened to half of the stearic acid molecules. 

While the deuterium content in the major components of the 
saturated fatty acid fraction is thus the same, the deuterium con- 
tent of the unsaturated fraction was always found to be lower (1, 
2). The same result was obtained in the present study. As the 
mechanism of biological fatty acid synthesis is presumably the 
same in principle for the saturated and the unsaturated acids, 
the finding of different deuterium contents was difficult to explain. 
The recent finding of the biological inertia of the doubly and 
triply unsaturated acids (3) may be responsible for this difference. 
The unsaturated fraction, in contrast to the saturated one, repre- 
sents a mixture of inert fatty acids (not regenerated and therefore 
not containing deuterium) with others that are regenerated. 

Rate of Fatty Add Formation in Liver — In the previous experh 
ments of this laboratory (2), the rate of “regeneration” of fatty 
acids of total mice has been studied by measuring during periods 
up to 96 days the introduction of deuterium from the D 2 O of the 
body fluids. The maximum deuterium concentration obtained 
in the saturated fraction was about half of that in the body 
fluids in which the fatty acids must have been formed. From the 
shape of the curve it was calculated that the average half life 
time^ of the fatty acids in mice kept on diets low in fat was about 
5 to 9 days. 

’ It would be a mistake to determine the complete replacement of mole- 
cules by newly formed ones; i.c., the time necessary for total regeneration. 
Reactions of such kind follow exponential curves and the time required for 
complete regeneration is infinite. The values found for total replacement 
are mainly a measure of the experimental error (physiological variation, 
analytical error, etc.). The results of Rittenberg and Schoenheimer (2) 
on the rapid regeneration of fatty acids have been questioned by Kohl (7) 
who has determined the time of complete disappearance of an unnatural 
fatty acid (elaidic acid) from the depot of rats after they were overfed with 
elaidin. He claims the turnover of fats to be much slower than found m 
this laboratory. The disappearance of elaidic acid from the fats of animals 
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As the rate of fatty acid regeneration in the liver is much faster 
than in the fat tissue, the maximum deuterium concentration 
(r.e., half of that in the body fluids) in the saturated fatty acids of 
the liver is attained much earlier (Table III). The process of 
fatty acid regeneration in the liver is so rapid that we have not 
been able to determine its half time value. In order to establish 
it, it will be necessary to determine the time when the saturated 
fatty acids have acquired half their maximum deuterium content; 
i.e., 25 per cent of the deuterium concentration in the body fluids. 
In our shortest experiment, of 2 days diuration, the value formd 
(38 per cent) was higher. Considerably more than half of the 
saturated fatty acids was regenerated within 2 days. The finding 


Table III 

Deuterium Content in Saturated Fatty Acids of Livers Relative to That in 

Body Water 


Experiment 

Duration of experiment 

Deuterium content in satu- 
rated acids of livers relative 
to that in body vrater* 


daus 


A 

2 

38 

B 

3 

44 

C 

6 

56 

D 

15 

47 


Atom per cent d euterium in acids 
Atom per cent deuterium in body water 


indicates Ihai the half life of the average saturated fatty acid molecule 
in the liver is very short, probably about 1 day. 

The present experiment confirms the earlier findings that during 
biological fat synthesis the fatty acids acquire a concentration of 
deuterium about half that in the water of the body fluids in which 
thej’’ are formed. A process of biological fatty acid synthesis 
must be formulated, in which about 1 out of every 2 hydrogen 
atoms in the resulting acid is derived from the aqueous medium, 

is an irreversible process, certainly different from that of regeneration of 
physiological molecules followed with deuterium. It is, however, interest- 
ing that, on the basis of Kohl’s curve, the disappearance of elaidic acid is 
exactly the same as that of the true regeneration of depot fats, both having 
a half period of about 8 days. 
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while the other half had stayed attached to the carbon chain of the 
small molecules during their condensation. It is not yet possible 
on the basis of the isotope experiments to establish the mode of 
reaction with certainty. All schemes proposed for biological 
fatty acid synthesis postulate aldol condensations and Cannizzaro 
reactions as intermediate steps. Bonhoeffer and collaborators 
(8, 9) have shown that these two reactions, when carried out in a 
medium of heavy water, do not lead to the introduction of stably 
bound deuterium into the resulting compounds. These findings 
may explain why such a large proportion of hydrogen in the newly 
formed fatty acid is normal hydrogen, derived from that of the 
small molecules which were condensed. The deuterium found 
in the end-product (fatty acid) may have been introduced in those 
steps which involved reductions. 

EXPERIMENTAL 

Feeding Experiments — Male mice of 20 to 22 gm. weight were 
used for the experiment. Before injection or feeding of heavy 
water they were kept on their experimental diet for 24 to 48 hours. 
They obtained food and water ad lihitum. All diets were low in 
fats and high in carbohydrate. The animals of Experiments A, 
B, and D obtained dried, ground white u^heat bread, exhaustively 
extracted with ether. The animals of Experiment C obtained a 
mixture of sucrose 76 per cent, agar 15 per cent, extracted meat 
powder 5 per cent, salt mixtui'e (10) 4 per cent, and vitamins A, 
D, and B. Only the animals of Experiments A and B, both of 
which were of very short duration, obtained an injection of 0.5 
cc. of concentrated DaO prior to the feeding of dilute heavy water, 
in order to raise the deuterium content of the body fluids im- 
mediately to the desired level. The animals of Experiments C 
and D were not injected, and the deuterium of the body fluids 
thus rose from zero to the end-value during the experimental 
period. 

Distillation of Body Fluids and Isolation of Total Fatty Acids-- 
The mice were killed with ether. Five animals of each experi- 
ment were assembled and samples of water were distilled off for 
deuterium analysis. The values found for each group were prac- 
tically the same in each experiment, indicating a good reproduci- 
bility of the experimental conditions (Table IV). 
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The livers, intestinal tracts, and kidneys were removed and 
worked up separately from the rest of the body. The isolation of 
fatty acids and the separation of saturated and unsaturated frac- 
tions were carried out as described before. The results of the 
deuterium analysis (11) are given in Table I. 

Isohlion of Sicaric Acid and Palmilic Add — 5.76 gm. of fatty 
acids from the saturated fraction of Experiment A were converted 
into the methyl esters and fractionated in the apparatus de- 
scribed before (6). Of the ten fractions obtained. Fractions 4 and 
5, melting at 29.5-30.0°, were combined (1.1 gm.), saponified, 
and twice crj^stallized from dilute acetone. Palmitic acid, melting 
at 61.2-62.0°, was obtained. Fraction 9, 0.66 gm. (m.p. 25-27°), 
and Fraction 10, 0.22 gm. (m.p. 34°), were combined and separated 

T.4BLE IV 


Deuterium Content of Body Water of Mice Given Heavy Water to Drink 
Groups of five animals were pooled for each water analysis. 


Experiment 

Deuterium 
io drinkiog 
water 

Duration of 
experiment 

Deuterium in organ water (atom per cent) 

1 Group I 

Group II 

I Group m 

Group IV 


atom per eeni 

days 





A 

6.75 

2 

3.68 

3.50 

3.22 

3.46 

B 

6.75 

3 

4.21 : 

4.87 

4.32 


C 


6 

2.53 

2.27 



D 


15 

2.91 

3.00 

2.95 

2.98 


by redistillation into five fractions. Fraction 3, 0.384 gm. (m.p. 
36.5-37°), and Fraction 4, 0.102 gm. (m.p. 37°), of this distillation 
were combined, saponified, and the acid twice recrystaUized from 
dilute acetone. The stearic acid obtained melted at 67-68°. 
Ko depression of melting point was obser\^ed on admixture with 
authentic stearic acid. 


SUmiAKT 

1. The deuterium content of the body water of mice was raised 
by ghdng the animals dilute heavy water to drink. The animals 
were kept on diets low in fat. Saturated and unsaturated fatty 
acids were isolated from different organs and their deuterium con- 
tent determined. 

2. The deuterium content of the fatty acids of the liver was 
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always considerably higher than that of the acids of other organs, 
indicating a rapid regeneration of fatty acids in this organ. Half 
of the saturated acids are regenerated in about 1 day. 

3. In confirmation of earlier results from this laboratory, satu- 
rated fatty acids during synthesis in mice acquire a concentration 
of deuterium half that of the body fluids in which they were 
formed. The result suggests that during synthesis about 1 out 
of every 2 stable hydrogen atoms is derived from th6 water. 

4. Stearic acid and palmitic acid were isolated from the depot 
fat of mice that had been given heavy water for only 2 days. The 
deuterium contents of the two acids was the same as that of the 
total saturated acid. The finding indicates that both acids, de- 
spite their different abundance in the fat, are regenerated at the 
same rate. 
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EDWARD A. DOISY 

{From Ihe Laboratory of Biological Chemistry, St. Louis University 
School of Medicine, Si. Louis) 

(Received for publication, March 1, 1940) 

The isolation of tatamin K2 as a yellow crystalline compound 
melting at 53.5-54.5° has recently been reported from this labora- 
tory (McKee, Binkley, MacCorquodale, Thayer, and Doisy, 1939; 
McKee, Binkley, Thayer, MacCorquodale, and Doisy, 1939). 
From the analytical data it was impossible to decide definitely 
on a formula for vitamin K2. The formula C4oH5402 was used 
for all calculations, although CjsHeoOz, CssHsjOj, C 4 iH 6 cOs, and 
C4SH58O2 agree with the analytical data equally well. In this 
paper we shall present evidence to show that the correct empirical 
formula is C41HS6O2 and on the basis of degradation studies propose 
a structural formula. 

Upon catalytic hydrogenation the vitamin absorbed 9 moles 
of hydrogen to produce a colorless compound which on exposure 
to the air was oxidized to a yellow compound. This yellow com- 
pound absorbed 1 mole of hydrogen to give a colorless solution 
which on oxidation with air returned to the original yellow color. 
This behavior on hydrogenation as well as its instability toward 
light and alkali indicated that the vitamin is a quinone. The 
yellow color of the vitamin is characteristic of 1 ,4-quinones. 
Further e\ddence for the quinone structure of the vitamin was 
obtained by preparation of the white crystalline diacetate of 
dihydro vitamin Kj (BinMey, MacCorquodale, Chene5’^, Thayer, 
McKee, and Doisy, 1939). Catalytic hydrogenation of this 
diacetate caused an uptake of 8 moles of hydrogen. The addition 
of 12 atoms of bromine by the diacetate of dihydrovitamin K3 

* The material in this paper was presented before the Eighth Na- 
tional Organic Chemistry Symposium at St. Louis, December 29, 1939. 
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indicated the presence of six double bonds in the side chains of 
the molecule. 

The ultraviolet absorption curves (Ewing, Vandenbelt, and 
Kamm, 1939) for vitamins Ki and K2 and for 2,3-dimethyl-l,4- 
naphthoquinone show a striking similarity; likewise, the curves 
for the diacetates of the respective hydroquinones show close 
agreement. This evidence not only supports the conclusion that 
the vitamin is a 1 ,4-quinone but, together with the hydrogenation 
data, indicates that the vitamin is a 1 ,4-naphthoquinone. Since 
under the conditions of reduction 3 moles of hydrogen are used 
to form a tetrahydronaphthohydroquinone there must be six 
double bonds in the side chains. This is in agreement with 
bromine addition by the diacetate of dihydrovitamin K2. 

Vitamin IC2 does not respond to Craven’s color test (Craven, 
1931). 1,4-Naphthoquinones substituted in the 2 position give 
a deep blue color with ammoniacal alcoholic ethyl cyanoacetate, 
while 2,3-disubstituted derivatives give no color change. From 
this it was concluded that vitamin K2 was a 2,3-disubstituted 
1,4-naphthoquinone with six double bonds in the side chains. 
Since vitamin Ki possessed no substituents in the benzenoid ring, 
it seemed unlikely that vitamin K2 would be substituted in the 
benzene ring. 

The degradation of the vitamin by chromic acid oxidations as 
used successfully for the breakdown of vitamin Ki (MacCorquo- 
dale, Cheney, Binkley, Holcomb, McKee, Thayer, and Boisy, 
1939) gave only oils from which no crystalline products could 
be separated. Oxidation of the vitamin with KMn04 resulted 
in the formation of phthalic acid which showed that the benzenoid 
ring was unsubstituted. However, no intermediate products could 
be isolated by this method. Several attempts were made to 
prepare glycols by the addition of hydroxyl groups to the double 
bonds in the hope that these glycols could then be cleaved by lead 
tetraacetate. However, dilute KMn04, 0s04, and Hg(C2H302)2 
gave mixtures from which no pure products could be isolated. 

In the study of the structure of vitamin Ki it was found that 
ozonolysis of the diacetate of dihydrovitamin Ki in glacial acetic 
acid followed by decomposition of the ozonide with w^ater gave 
an excellent yield of 2,6,10-triraethylpentadecanone-14 but the 
quinone portion of the molecule -was attacked so extensively that 
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it could not be isolated. Subsequently, in a model experiment 
it was found that the ozonide could be decomposed by the addition 
of ether and zinc to give an excellent yield of l,4-diacetoxy-2- 
methylnaphthalene-3-acetaldeh3’'de melting at 1 1 5° (I) . It formed 
a semicarbazone melting at 206°. 

TiTien -vitamin K; was treated in glacial acetic acid -nith ozone 
and the ozonide decomposed with zinc in ether, a good jield of 

1.4- diacetox3’-2-methylnaphthalene-3-acetaldeh3'de -was obtained 
in the ether-soluble, water-insoluble fraction. It melted at 115° 
and gave a semicarbazone melting at 206°. Mixed melting 
points showed that this aldehj'de was identical with the aldehj'de 
obtained from vitamin Ki. The isolation of this aldehj'de demon- 
strates conclusively that -vitamin K* is a 2-m ethyl-1 ,4-naphtho- 
quinone. 

From the water-soluble products of the ozonization reaction 
levTilinaldehyde was isolated as the bis-2,4-dinitrophenyl- 
hydrazone (Strain, 1933). Of significance in this case is the 
jield of le-vulinaldehyde obtained. On the assumption that 5 
moles of levulinaldehj’-de would originate from 1 mole of \itamin 
Kj a yield of 93 per cent was obtained. As a control e.xperiment 
farnesol ozonized under the same conditions gave a 75 per cent 
yield of levnlinaldehyde. 

The third compound isolated from the ozonization reaction 
was acetone which was identified as the 2,4-dinitrophen3’-lhy- 
drazone and by iodometric titration. 

Since the fragments isolated give a total of 41 carbon atoms, 
C4 iH 5602 is proposed as the correct empirical formula of -vitamin 
K". The most probable arrangement of the fragments that 
make up the side chain in the 3 position is for six isoprene units 
to be hooked head to tail with a double bond at each carbon atom 
to which the methyl group is attached, as is the case -with far- 
nesol. This side chain may be considered as two fames 3 ’'l radicals 
fastened head to tail. The proposed structure is best expressed 
by Structural Formula II. 

The discovery that -v-itamin Ki is also a derivative of 2-meth3d- 

1 .4- naphthoquinone is of considerable interest. The most potent 
antihemorrhagic compound known is 2-meth3’-l-l,4-naphtho- 
quinone. Closely related substances which are also ver 3 ’ potent, 
such as 2-meth3d-l,4-naphthoh3'droquinone' and 4-amino-2- 
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methyl-l-naphthol, are similar in structure and probably are 
readily convertible in the organism to 2-methyl-l ,4-naphtho- 
quinone. Substitution in the 3 position with another methyl 
radical diminishes the potency a great deal; in fact, 2,3-dimethyl- 
1 ,4-naphthoquinone is less active than vitamin K 2 (side chain 
of 30 carbon atoms in the 3 position), which in turn is exceeded 
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I. l,4-Diacetoxy-2-methylnaphtlmlene-3-acetaldehyde 
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CH=C— (CH,),— CH=C— (CH,),— CH=C 

I I I 

CH, CH, CH, 

II. Vitamin K, (proposed structure) 

in potency by vitamin Ki which has the phytyl radical (20 C) 
in the 3 position. 



EXPERIMENTAL 

Identification of Phthalic Add — 650 mg. of the diacetate of di- 
hydrovitamin K 2 and 3 gm. of powdered KMn 04 were dissolved 
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in 25 cc. of acetone and the solution refluxed for 4 hours. The 
precipitated MnO; was filtered off and washed Mth a small amount 
of acetone. The MnOi was washed thoroughly with 150 cc. of 
hoiling water and the aqueous washing kept separate from the 
acetone filtrate. The water washings were acidified to Congo 
red paper and extracted three times with an equal volume of 
ether. The combined ether extracts were washed twice with a 
small volume of water and the ether layer evaporated to drjmess, 
leaving 30 mg. of acids. After standing a few hours the product 
became filled with white needles. The crj’stals were carefully 
washed with a few cc. of cold chloroform and then sublimed. 
The sublimate consisted of long needles, characteristic of phthalic 
anhj'dride, melting at 130-131°. Mixed Mth an authentic sample 
of phthalic anhydride melting at 130-131°, the crj'stals melted 
at 130-131°. 

CjHtOj, Calculated, C 64.87, H 2.72; found, C 64.63, H 2.77 

Ozonolysis of Diaceiale of Dihydrovitamin K \ — ^200 mg. of the 
diacetate of dihydromtamin Ki were dissolved in 10 cc. of glacial 
acetic acid and a stream of ozone passed into the solution until 
no more was absorbed. The solution was diluted with 50 cc. of 
ether and 0.5 gm. of zinc dust was added in small portions with 
shaking. After 1 hour the mixture was filtered and the ether 
filtrate extracted twice with an equal volume of water. The 
ether was then extracted with sodium bicarbonate solution and 
finally with water. The ether was then evaporated to dryness, 
lea\'ing a colorless oil which on cooling became white with the 
formation of crystals. The product was washed with 4 cc. of 
cold petroleum ether and the crystalline residue crystallized 
twice from ether at —30° to yield 34.7 mg. of white crystals 
melting at 115-115.5°. 

CitHijOs. Calculated. C 67.99, H 5.37 

Found. “ 67.96, 68.20, “ 5.42, 5.51 

The material from the mother liquors of the final crystalliza- 
tion (35 mg.) was dissolved in 5 cc. of ethyl alcohol; 35 mg. of 
semicarbazide hydrochloride and 40 mg. of sodium acetate crystals 
were added. 3 drops of water were added and the solution warmed 
in a water bath for 10 minutes and left overnight. On dilution 
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with water and cooling a gummy precipitate formed. After 
crystallization first from methyl alcohol and then from ethyl 
alcohol 21 mg. of a semicarbazone melting at 206-206.5° were 
obtained. 


CisHiBOsNa. Calculated. C 60.49, H 5.35, N 11.76 
Found. “ 60.64, 60.49, “ 5.26, 6.46, “ 11.72 

Ozonolysis of Farnesol — 290 mg. of farnesol were ozonized and 
the ozonide decomposed by the same method as was used for 
the diacetate of dihydrovitamin Ki. After the zinc was filtered 
off, the ether was removed by distillation. The residue was 
treated with an excess of 2,4-dinitrophenylhydrazine dissolved 
in 6 N sulfuric acid. After 2 hours the orange precipitate was 
filtered off, washed with 6 n H2SO4, and then with methyl alcohol. 
The dried crude levulinaldehydebis-2,4-dinitrophenylhydrazone 
weighed 800 mg., a yield of 75 per cent.^ After crystallization 
from a large volume of ethyl alcohol and twice from nitrobenzene 
it melted at 230-232°. 

Ozonolysis of Vitamin K^. Isolation of 1 ,4--Diacetoxy-2-Methjl- 
naphthalene-S-Acetaldehyde — 866 mg. of the diacetate of dihydro- 
vitamin Ka were dissolved in 20 cc. of glacial acetic acid and 
ozone passed into the solution until no more was absorbed. The 
reaction mixture was diluted with 100 cc. of ether and 4 gm. of 
zinc dust added in small quantities with shakmg over a period of 
about 1 hour. After the mixture had stood for 4 hours, the zinc 
was filtered off and the filtrate distilled at 100° to remove the 
ether and other volatile substances. The residue was diluted 
with 2 volumes of water and extracted with ether. The ether 
extract was thoroughly extracted with water, and the water 
washings combined with the original water layer (volume 235 cc.). 

The ether was distilled to dryness to give 433 mg. of an oily 
product which crystallized on cooling. After two crystalliza- 
tions from ether the crystals melted at 115°. When the product 

was mixed with 1 ,4-diacetoxy-2-methylnaphthalene-3-acetalde- 

hyde obtained from vitamin Ki, it melted at 115-115.5°. 

CitHuOs. Calculated. C 67.99, H 5.37 

Found. “ 67.82, 67.92, " 5.42, 5.55 

‘ The low yield obtained was probably due to impurities contained m 
the farnesol. 
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A semicarbazone melting at 206° was prepared according to 
the same procedure as was p^e^dously employed with the aromatic 
aldehyde from vitamin Ki. Wlien mhced with the semicarbazone 
of 1 ,4-diacetoxy-2-methylnaphthalene-3-acetaldehyde obtained 
from ^dtamin Ki, it melted at 206°. 

CisHnOsN,. Calculated. C 60.49, H 5.35, N 11.76 

Found. “ 60.39, 60.30, “ 5.35, 5.53, “ 11.84, 11.76 

A solution of 80 mg. of the aldehj'de in 20 cc. of glacial acetic 
acid was mixed with 5 cc. of 80 per cent glacial acetic acid con- 
taining 20 mg. of CrOj. After standing at room temperature 
for 1 hour the solution was warmed at 60° for 30 minutes. The 
reaction mixture was diluted with water and extracted with 
ether. The ether extract was washed with water and then ex- 
tracted with NaHCOj solution. The NaHCOs extracts were 
acidified to Congo red paper and extracted thoroughly with ether. 
After being washed with water, the ether was evaporated to 
dryness. The residue was taken up in 10 cc. of methyl alcohol, 
treated with norit, filtered, and evaporated to 3 cc. 3 cc. of 
water were added and the solution allowed to crystallize at —5°. 
Two more crj^stallizations from 50 per cent methanol gave a white 
crystalline product melting at 208-209° and when mixed with 

1.4- diacetoxy-2-methylnaphthalene-3-acetic acid melting at 209- 
210°, it melted at 209-210°. 

CuHisOe. Calculated. C 64.55, H 5.10 

Found. " 64.38, 64.40, “ 5.07, 5.17 

Isolation of Levulinaldehyde — 5 cc. of the water extracts (total 
volume 235 cc.) were added to 30 cc. of 6 n H:S 04 in which 100 mg. 
of 2,4-dinitrophenylhydrazine had been dissolved and the solution 
allowed to stand overnight at room temperature. The pre- 
cipitated hydrazone was filtered off, washed with acetic acid, 
and then ether. The product was dried in a vacuum desiccator, 
weight 59.2 mg., m.p. 218-220°. This represents a 93 per cent 
yield based on the assmnption that 1 molecule of the \dtamin 
would ^ve 5 molecules of levulinaldehyde. After one crystalliza- 
tion from nitrobenzene the product melted at 230-232°. Strain 
(1933) reports a melting point of 235° (corrected) for the bis-2,4- 
dimtrophenylhydrazone of levulinaldehyde. Mixed with the bis- 

2.4- dinitrophenylhydrazone obtained from famesol which melted 
at 230-232°, the product melted at 230-232°. 



728 


Constitution of Vitamin Kz 


CirHicOsNs. Calculated. C 44.37, H 3.48, N 24.33 

Found. " 44.23, 44.65, “ 3.56, 3.59, " 24.35 

Isolation of Acetone — In order to isolate the acetone 726 mg. of 
the diacetate of dihydrovitamin Kz were ozonized and the ozonide 
decomposed with zinc. The zinc was filtered off at —5° and the 
ether distilled into 25 cc. of 10 per cent NaHSOa. The ether layer 
from the distillate was separated and extracted twice with 25 cc. of 
10 per cent NaHSOa. The combined NaHSOa extracts were treated 
with 6 gm. of KOH dissolved in 20 cc. of water and the solution 
distilled, about 60 cc. being collected in the distillate. The dis- 
tillate was diluted to 100 cc. 10 cc. of this solution were added 
to 20 cc. of 6 N HzS 04 containing 50 mg. of 2,4-dinitrophenyl- 
hydrazine. After standing 4 hours, the yellow precipitate was 
filtered off and washed with dilute HzS 04 and water. After 
drying in a vacuum desiccator it weighed 15 mg., m.p. 119-120°. 
If 1 mole of acetone originates from 1 mole of the vitamin, this 
represents a 59 per cent yield. After one crystallization from 
alcohol the derivative melted at 122-123°. When mixed with an 
authentic specimen of acetone 2,4-dinitrophenylhydrazone melt- 
ing at 124-125°, it melted at 123-124°. 

CsHioO^N^. Calculated. C 45.38, H 4.23, N 23.51 

Found. " 45.26, 45.30, “ 4.38, 4.33, “ 23.79 

lodometric titration of the solution with 5 cc. aliquots by the 
method of Hubbard (1920) showed that the total acetone present 
was 33.3 mg. or a yield of 53 per cent. 

A fuchsin aldehyde test on the solution was negative. 

SUMMARY 

Vitamin Kz was found to be a 2,3-disubstituted 1,4-naphtho- 
quinone with the substituent in the 2 position being a methyl 
group. Oxidation of the diacetate of dihydrovitamin Ks with 
KMn 04 gave phthalic acid, showing the absence of substituents 
in the benzenoid ring. Treatment of the diacetate of dihydro- 
vitamin Kz with ozone and decomposition of the ozonide with 

zinc in ether gave 1 , 4-diacetoxy-2-methylnaphthalene-3-acetal- 

dehyde which was identical with the aldehyde isolated from 
vitamin Ki by the same procedure. The yields of acetone and 
of levulinaldehyde indicated that 1 and 5 moles, respectively, 
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■were produced by the ozonization of 1 mole of diacetyl dihydro- 
^^tamin K2. is proposed as the correct empirical formula 

for vitamin K2 and on the basis of degradation products a struc- 
tural formula is proposed. 

The authors rvish to express their appreciation to Dr. C. N. 
Jordan for the loan of the ozonizing apparatus and to acknowledge 
financial assistance from the Theelin Fund administered by the 
Committee on Grants for Research of St. Louis University. 

BIBLIOGRAPHY 

Binkley, S. B., MacCorquodale, D. W., Cheney, L. C., Thayer, S. A., 
McKee, R. W., and Doisy, E. A., J. Am. Chem. Soc., 61, 1612 (1939). 
Craven, R., J. Chem. Soc., 1605 (1931). 

Ewing, D. T., Vandenbelt, J. M., and Kamm, O., J. Biol. Chem., 131, 345 
(1939). 

Hubbard, R. S., J. Biol. Chem., 43, 43 (1920). 

MacCorquodale, D. W., Cheney, L. C., Binkley, S. B., Holcomb, W. F., 
McKee, R. W., Thayer, S. A., and Doisy, E. A., J. Biol. Chem., 131, 
357 (1939). 

McKee, R. W., Binkley, S. B., MacCorquodale, D. W., Thayer, S. A., and 
Doisy, E. A., J. Am. Chem. Soc., 61, 1295 (1939). 

McKee, R. W., Binkley, S. B., Thayer, S. A., MacCorquodale, D. W., and 
Doisy, E. A., J. Biol. Chem., 131, 327 (1939). 

Strain, H. H., J. Biol. Chem., 102, 151 (1933). 




A RAPID METHOD FOR THE SEPARATION OF SERUM 
ALBUMIN AND GLOBULIN 

By GEORGE R. KINGSLEY 

(From the Division of Biochemistry, Laboratories, Philadelphia General 
Hospital, Philadelphia) 

(Received for publication, February 17, 1940) 

Many attempts have been made to shorten and improve the 
Howe (1) method for separation of serum globulin from albiunin. 
Howe (2) and Goettsch and Kendall (3) found that eiTors were 
caused by the adsorption of albumin by filter paper. These errors 
were shown by Robinson, Price, and Hogden (4) to vary with the 
amounts of solution filtered and the kind and size of filter paper 
used. The loss was greatest in the first portions of the filtrate 
and it was recommended that these be discarded. Harris (5) 
evaluated statistically the loss of albumin due to adsorption by 
filter paper and found it to be 0.05 gm. per cent. To avoid loss 
of time and errors of filtration, Robinson, Price, and Hogden (6) 
employed the angle centrifuge to separate the globulin precipitate. 
They found that globulin precipitated by 1.5 M sodium sulfate 
solution could be separated quantitatively after standing 4 or 
more hours by centrifuging at 4200 r.p.m. for 1 hour. These 
authors (7) also showed that globulin could be salted-out at 25° 
as well as at 38°. 

Because of the limitations of existing methods, especially when 
large numbers of determinations are made, a further simplification 
of the procedure for globulin precipitation was made. The modi- 
fied method is based on the use of ether to decrease the density of 
globulin precipitated by sodium sulfate. After ether extraction 
and brief centrifugation, globulin separates in a compact layer at 
the bottom of the ether phase above the sodium sulfate solution. 
No prehminary period of standing is required. 

Method 

Add 0.5 cc. of serum to 7.5 cc. of 23 per cent sodium sulfate 
m a test-tube (15 cc. capacity and at least 15 mm. diameter), 
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Table I 

Delenninalions of Serum Albumin by New Centrifugation Technique 
Corn-pared with Two Methods of Filtration. Evaluation by 
Biuret and Kjeldahl Methods 


The values, given in per cent, represent single determinations. 


Filtrates 


Centrifugates by new 
method 

Filtrates obtained by the 
Harris (5) technique 

Kjeldahl 

Biuret 

Kjeldahl 

Biuret 

lijeldahl 


(0 

(2) 

(3) 

(4) 

(S) 

■m 

5.4 

5.1 

5.2 

5.1 

5.2 

5.0 

4.5 

4.7 

4.6 

4.5 

4.9 

4.7 

4.4 

4.6 

4.5 

4.9 

4.8 

4.7 

4.4 

4.4 

4.2 

4.4 

4.1 

4.5 

4.3 

4.5 

4.7 

4.7 

4.7 

4.4 

4.1 

4.1 

4.4 

4.4 

4.3 

4.5 

3.9 

3.8 

3.8 

4.1 

4.0 

4.0 

3.9 

3.5 

3.8 

3.7 

4.0 

3.8 

3.8 

3.7 

3.9 

3.7 , 

4.0 

3.7 

3.8 

3.7 

4.0 

3.7 

3.7 

3.7 

3.8 

3.7 

3.8 

3.5 

3.7 

3.8 

3.8* 

3.8 

3.8 

3.8 

3.8 

3.8 

3.7 

3.8 

4.0 

3.8 

3.8 

3.8 

3.6 

3.7 

3.6 

3.7 

3.3 

3.7 

3.6 

3.2 

3.6 

3.5 

3.3 

3.4 

3.5 

3.7 

4.0 

4.1 

3.9 

4.0 

3.3 

3.6 

3.9 

3.3 

3.6 

3.6 

3.2 

3.0 

3.1 

3.2 

3.3 

3.0 

2.9 

3.1 

3.1 

3.3 

3.2 

3.6 

2.5* 

2.5 

2.7 

2.6 

2.7 

2.6 

2.4 

2.4 

2.4 

2.3 

2.5 

2.3 

2.3* 

2.3 

2.4 

2.3 

2.4 

2.3 

2.3 

1.9 

2.1 

2.2 

2.3 

2.1 

1.9 

2.3 

2.3 

2.3 

2.5 

2.3 

1.6* 

2.0 

1.9 

2.0 

1.9 

2.0 

Average. .3.48 

3.48 

3.59 

3.56 

3.60 

3.57 

Standard error of difference between averages of 
Columns 3 and 5 and 4 and 6 

±0.246 

±0.249 


* Lactescent. 


and mix thoroughly by inverting. Add about 3 cc. of ether 
(u.s.p. quality is satisfactory), and shake vigorously for 20 to 
30 seconds. Cap the tube to avoid loss of the ether and centrifuge 
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5 to 10 minutes at about 2200 r.p.m. After centrifugation, slant 
the tube so that the tightly packed globulin precipitate floating 
on the sodium sulfate solution separates from the walls of the 
tube. Insert a pipette through the ether laj^er preferably along 
the lower wall, and -n-ithdraw the desired volume of the centrifu- 
gate for albumin determination. For analysis by the author’s 
colorimetric biuret method (8), use a 2 cc. sample. If a greater 
volume is desired, as for example 10 cc. for a macro-Kjeldahl 
determination, 1 cc. of serum maj' be used with proportionately 
increased amounts of reagents in a test-tube 17 to 20 mm. in 
diameter. Total globulin values are calculated by the difference 
between serum total protein and albumin. If the sodium sulfate 
is stored at 37.5°, no difficulty is encountered with crj^stal forma- 
tion at room temperatures above 21°. 

Comparison with Other Procedures — Filtrates of serum were pre- 
pared by precipitating globulin at 37.5° from 1 cc. of senun with 
15 cc. of 23 per cent sodium sulfate solution and after standing 
overnight were filtered at 37.5° through one sheet of 11 cm. 
Schleicher and Schiill No. 602eh paper. Filtrates were also 
prepared by the technique of Harris (5). Centrifugates were 
prepared from the same samples of serum by the new method 
described. The protein of the filtrates and centrifugates was 
determined both by the macro-Kjeldahl and the biuret methods. 
The data in Table I show that the albumin values of centrifugates 
agreed well \\-ith those of filtrates prepared by the technique of 
Harris, while the albumin in filtrates prepared by the Howe tech- 
nique was 0.09 and 0.12 gm. per cent lower. This loss is in 
harmony with the 0.05 gm. per cent loss by adsorption on one 
7.0 cm. sheet of Whatman No. 50 filter paper reported by Harris. 
The standard error of the difference between the means of the 
albumin of centrifugates and of filtrates prepared by the Harris 
method was not si gnificant. The standard error of measurement 
(s.E.„ = \/2d-/2n) of the difference of single Kjeldahl and biuret 
determinations in each group was ±0.128 for filtrates, ±0.107 
for centrifugates, and ±0.111 for Harris filtrates (9). 

DiscnssiON 

In a preliminary investigation it was found that a quantitative 
separation of globulin was effected by mixing 0.5 cc. of serum with 
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6.5 cc. of 27 per cent sodium sulfate and immediately adding 1 cc. 
of 15 per cent barium chloride and again mixing. The suspended 
precipitate of barium sulfate and globulin was separated by cen- 
trifugation or by gravity on standing 2 to 4 hours at 37.5“. Usu- 
ally either procedure gave a clear supernatant solution. However, 
this method could not be applied to sera generally because a 
colloidal suspension formed in the presence of an abnormal amount 
of lipid. Formation of such suspensions could be prevented by 
extraction of the mixture with ether. It was discovered subse- 
quently that when ether was used barium sulfate was no longer 
necessary for the rapid separation of the globulin precipitate. 

The following experiment offers a possible explanation of tlic 
action of ether in accelerating the separation of globulin by sodium 
sulfate. Globulin was salted-out from 1 cc. of serum by addition 
of sodium sulfate and after shaking with ether was separated 
by centrifugation. The precipitate was redissolved in 1 cc. of 
3 per cent sodium chloride and evacuated until no odor of ether 
remained. Centrifugation after addition of sodium sulfate caused 
no separation of the suspended globulin. However, centrifugation 
after the addition of ether gave a sharp separation. When a 
heavier solvent such as carbon tetrachloride was used instead of 
ether, the globulin separated between the two liquid phases 
beneath the sodium sulfate solution. Thus the globulin or 
globulin-lipid complex adsorbed enough of the lipid solvent to 
change its density sufficiently for separation by centrifugation. 
However, carbon tetrachloride and many other fat solvents, such 
as carbon disulfide, xylene, bromobenzene, 1 , 2 , 4 -trichlorohen- 
zene, dichloroethylene, tetrachloroethane, and benzene, could not 
be used in the place of ether because the separation of globulin 
was not complete or a loortion of the albumin was precipitated. 
However, globulin entered and was retained within the above 
solvents regardless of their density. 

Aside from accelerating the separation of globulin, ether did 
not appear to modify the action of sodium sulfate. Close agree- 
ment between centrifugates and Harris filtrates indicated that 
albumin was not altered. Globulin likewise could not have been 
altered greatly, since it redissolved in saline as shown above. 

No difficulties were encountered in obtaining clear centrifugates. 
The data presented in Table I represent the albumin concentra- 
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tions of many types of pathological sera, including several speci- 
mens from patients exhibiting h 3 rperlipemia associated -with the 
nephrosis syndrome or vrith obstruction of the bile ducts. Robin- 
son, Price, and Hogden (6) vere unable to obtain clear supernatant 
solutions from “some pathological sera, such as those from patients 
vrith lipoidal nephrosis.” Many workers have reported similar 
difficulties with the Howe (1) method. 

In the new method the delay of several hours required for floc- 
culation of globulin by pre\’ious methods is dispensed with, and 
in 5 to 10 minutes of centrifugation a clear solution is promded for 
albumin determination. If this method is used in connection 
Mth the author’s quantitative biuret method for protein deter- 
mination (8), total protein, albumin, and globulin can be deter- 
mined in about 45 minutes. Further studies on the possible 
application of the method to spinal fluid and effusions are in 
progress. 

SUMMARY 

A rapid centrifugal method for the separation of globulin pre- 
cipitate is presented, based on the use of sodimn sulfate in combina- 
tion with ether. Certain advantages over filtration and previous 
centrifugal methods are described. The results were found to 
agree with those of accurate filtration techniques. The new 
method is superior to previously reported methods for analj'sis 
of certain types of pathological sera. The accuracy of the biuret 
method for the determination of serum proteins has been 
confirmed. 
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A NEW PROCEDURE POR QUANTITATIVE ANALYSIS BY 
ISOTOPE DILUTION, WITH APPLICATION TO THE DE- 
TERMINATION OF AMINO ACIDS AND FATTY ACIDS* 

Bt D. RITTENBERG and G. L. FOSTER 

(From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, February 27, 1940) 

We shall describe here a quantitative method of analysis of 
organic compounds in mixtures. The procedure requires the 
isolation of only a small sample of the substance to be determined, 
the yield being unimportant. This method is based on the fact 
that a compound which has an abnormal isotope content is in- 
separable by the usual laboratory procedures from its normal 
analogue. If, for example, a deuteropalmitic acid is added to 
a mixture of isotopically normal fatty acids, and then palmitic 
acid is isolated, this will be a representative sample of the mixture 
of the added deuteropalmitic acid and the palmitic acid originally 
present. From the amount of palmitic acid added {x) and its deu- 
terium content (Co),‘ as well as the deuterium content of the 
isolated palmitic acid (C), the amount (y) of palmitic acid origi- 
nally present in the mixture can be calculated from Equation 1. 

As it is only necessary in this method to obtain a sample large 
enough for the isotope analysis (5 to 100 mg.), large losses can 
he afforded in the purification process. This procedure can be 
used for any substance which can be labeled by an isotopic marker 
(either a stable isotope or a radioactive one). 

The method has already been utilized in this laboratory for 

^ork was aided by grants from the Rockefeller Foundation and 
e Josiah Macy, Jr., Foundation. 

isotope concentrations must be given as excess above normal. In 
s communication we shall deal only with the heavy isotopes of hydrogen 

Md nitrogen, whose normal abundances are 0.02 and 0.37 per cent respec- 
tively. 
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the determination of the leucine content of the proteins of a wliole 
rat (1). Shortly afterwards and independently Ussing (2) also 
described the general principle of the procedure and determined 
the leucine content of hemoglobin. He has racemized the hy- 
drolysate and added racemic deuteroleucine. From the deu- 
terium content of the insoluble copper salts he calculated the 
leucine content to be 29 per cent.” 

If applied to tlie determination of optically active substances, 
this method is complicated by the fact that the optical isomers 
have in general solubilities different from those of the racemic 
compounds or mixtures. The synthetic isotopic compounds are 
always racemic. If, for example, glutamic acid be determined 
by addition of isotopic dl-glutamic acid, only its Z(-f ) component 
will form an inseparable mixture with the normal Z(-f-)-glutamic 
acid in the protein hydrolysate, while the d(— )-glutamic acid 
can be fractionated (as dl-) from the l(-i-) form. Therefore 
in such cases it is necessary to employ one of three procedures: 
(A) The protein hydrolysate is completely racemized, racemic 
amino acid is added, and racemic amino acid isolated; (B) the 
synthetic amino acid is first resolved and only the natural isomer 
added; (C) racemic amino acid is added and a sample of the 
natural isomer isolated. We have employed this procedure for 
the determination of glutamic and aspartic acids, as it is possible 
in these cases to separate a sample of pure Z isomer from a partial 
racemate. 

These considerations do not apply to the determination of 
glycine. It will be necessary to determine which of the three 
procedures may best be employed for other amino acids. 

Theoretical Errors — The accuracy of the method depends on 
three factors: (a) the purity of the compound added, (b) the 
purity of the compound isolated, and (c) the accuracy of the 
isotope analysis. The various sources of error will be discussed 
for the case in which deuterium is employed; analogous con- 
siderations apply for or other elements. 


2 The calculations of Ussing seem to be in error. To 3.0 gm. of protein 
was added 0.392 gm. of dMeucine. Ussing gives his deuterium content not 
as atom per cent excess, but as e.xcess density of the water formed in the 
combustion of the compound. The leucine added had an e.xcess density o 
518 parts per million and the leucine isolated 225 parts per million. The 
leucine content on the basis of these values is 17 per cent. 
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(а) As the weight of the compound added can in general be 
determined with great accuracy, no error arises from this source. 
The presence of impurities in the compound added gives rise to 
an error of variable magnitude, depending on the tj-pe of impurity. 
If the deuteropalmitic acid mentioned above is contaminated 
with 1 per cent stearic acid of the same deuterium concentration, 
then this will introduce a 1 per cent error in y. If this contaminant 
is normal stearic acid, the error introduced in y is verj' small, as x 
will be too large and Co corresponding^’’ too small. If the im- 
purity is a hydrogen-free substance, then a 1 per cent impurity 
will cause an error of 1 per cent in y. In general an impurity of 
1 per cent in the added compound gives rise to a final error of 
1 per cent or less in the determination. 

(б) The effects of impurities in the isolated compound again 
may be dhdded into three classes. (1) Contaminants which 
contain no hydrogen (salts, etc.) introduce no error. (2) The 
presence of 1 per cent of a normal homologous compound intro- 
duces an error of about 1 per cent in C which, for the case in which 
Co/C is 5, gives rise to an error of 1.25 per cent in y. The larger 
Co/C is, the smaller the error in y becomes, approaching 1 per 
cent as a limit. (3) Contaminants containing the same deuterium 
excess as the palmitic acid isolated introduce no error in the 
determination. It is clear that if the conditions are so chosen 
that all contaminants have approximately the same isotope con- 
tent as the substance being isolated, the effect of these impurities 
on the analjTical value vanishes. 

(c) Above 1 atom per cent excess for deuterium and 0.5 atom 
per cent’ excess for N’® the error of a single isotope determination 
IS about 1 per cent. Below these values the error becomes larger. 
For the best results C should therefore exceed these values. The 
ratio Co/C should also be as large as possible. In Fig. 1 is plotted 

’ In the mass spectrographic analysis employed for N** the absolute con- 
centration of the heavy isotope is determined with an error of less than 1 
per cent. As the natural abundance is 0.37 per cent, the e.vcess abundance 
as a larger error. Thus a sample containing 1 per cent of N*’ atoms and 
99 per cent of has an excess abundance of 0.63 per cent. If the absolute 
a undance has an error of 1 per cent (0.01 atom per cent K”), the excess 
abundance is in error by 1.5 per cent (0.01 in 0.63). As -will be seen in the 
experimental section of this paper, our determinations seem to have an 
error of less than 0.003 atom per cent in the range of 0.2 atom per cent 
e.xcess. 
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the theoretical error introduced in the analysis by a 1 per cent 
error in either Co or C. It will be seen that little advantage is 
gained by increasing Co/C above 10, In practice this requires 
that for optimum results the isotope concentration in the added 
material be above 5 atom per cent excess. 

From the above considerations it may be seen that an error of 
about 1.5 per cent may be expected for a single analysis under 
favorable considerations; i.e., Co = 5 per cent or greater, Co/C = 
10, and the compounds isolated are pure. 



Fig. 1. Error in result caused by a 1 per cent error in either Co or C at 
different ratios of Co/C. 


EXPERIMENTAL 

Determination of Palmitic Add in Rat Fat — The total fatty 
acids of two rat carcasses were obtained by the usual procedure 
after hydrolysis of the fats in alcoholic potassium hydroxide for 
6 hours. Two aliquots were taken, and deuteropalmitic acid 
containing 21.5 per cent deuterium was added. The compound 
was prepared according to the method described earlier (3). The 
saturated fraction was precipitated as the lead salt from 95 per 
cent alcohol. The lead salts were twice recrystallized from hot 
95 per cent alcohol, decomposed with hydrochloric acid, and 
the acids extracted with ether. The lead precipitation was re- 
peated and the lead salts again decomposed. The^ free fatty 
acids were esterified with methyl alcohol and fractionally dis- 
tilled. A small sample in the middle of the methyl palmitate 
fraction was taken for analysis. The ester was saponified, an 
the free acid recrystallized twice from aqueous acetone. The 
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constants and deuterium content in the two determinations are 
given in Table I. 

No attempt was made in any step after the addition of deutero- 
palmitic acid to obtain a high jneld. Relatively large losses were 
taken in each step to insure purity. The first part of each crj^stal- 
lization was always discarded. While there were present about 
3.0 gm. of palmitic acid in each sample, only about 200 mg. were 
finally isolated and used for analysis. 

Amino Acid Deierminalions in Prolein Hydrolysates — Estima- 
tions of glutamic acid, aspartic acid, and glycine have been made 
in hydrolj'sates of cattle fibrin (15.2 per cent nitrogen, without 
correction for moisture and ash). Approximately 5 gm. samples 


Table I 

Delermination of Palmitic Acid in Rat Fat 




Properties of palmitic add isolated 

Palmitic 

adds 

Palmitic 
add added* 

ir. p. 


Deuterium 

add con- 
tent 



Ifethyl ester 

Free add 


content 


tn. 

14.5J1 

14.135 

ffrx, 

0.2163 

0.1757 

•c. 

29.3-29.5 

29.0-29.1 

•c. 

63.1-63.4 

63.0 

256.4 

255.4 

ct&m 

cent 

1.28 

1.11 

ptT cent 

23.4 

22.9 


* The palmitic acid contained 21.5 atom per cent deuterium. 


of the protein were hydrolyzed by boiling 20 hours with 150 cc. 
of 20 per cent hydrochloric acid. To each hydrolysate a weighed 
amount of optically inactive, isotope-containing amino acid was 
added. When glutamic acid was added, the hydrolysate plus the 
added glutamic acid was boiled for 3 hours more to instire that 
the isotopic glutamic acid and that from the protein would be 
lo the same equilibrium with p 3 UTolidonecarboxylic acid. After 
removal of the excess hydrochloric acid, the amino acids were 
isolated in the usual ways. Glutamic and aspartic acids were 
precipitated as the barium salts from alcohol. The glutamic 
acid was separated and purified as the hydrochloride; aspartic 
acid was precipitated as the copper salt and isolated as the free 
ammo acid. Glycine was isolated as the trioxalatochromiate 
complex of Bergmann and Fox (4), and purified as the toluene- 
sulfonyl derivative. 
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As the added amino acids were synthetic optically inactive 
compounds, the first crude glutamic and aspartic acids isolated 
were mixtures of Z(+) and dl components. Specimens of the 
pure Z(+) compounds arc readily obtained from such mixtures 
by recrystallization of the glutamic acid as hydrochloride, and 
of aspartic acid as the free acid.'* Small samples of the isolated 
amino acids at successive stages of purification were saved for 
isotope analysis. The constancy of isotope concentration at 
the last two or three stages of recrystallization offered strong 
evidence as to the purity of the compound in addition to that 
afforded by optical activity and nitrogen content. The data and 
results of the experiments are given in Table II. 

In some experiments Procedure A was tried. The protein 
was hydrolyzed with barium hydroxide, which yields completely 
racemized amino acids. In such a case on addition of racemic 
labeled compounds there would be no question of isolating pure I 
compounds from mixtures of I and dl components, but simply 
the preparation of dl specimens. The results, however, were 
unsatisfactory, for with glutamic acid, aspartic acid, and tyrosine 
there was evidence that these compounds were partially de- 
composed by boiling with baryta. For if the labeled compound 
was added before the hydrolysis was begun, the values were 
always markedly higher than when it was added after the hy- 
drolysis was completed. Further, when the labeled amino acid 
was present during the hydrolysis, appreciable concentrations 
of N*® were present in the ammonia given off during the boiling. 

Attempts were made to racemize completely the hydrochloric 
acid hydrolysates with ketene according to the method of Jackson 
and Cahill (5). In one experiment the isolated glutamic acid 
was completely racemized and the value 13.7 per cent glutamic 
acid in the protein was obtained from the isotope dilution, m 
fair agreement with the results presented in Table II. However, 
in several other experiments the racemization was only about 
90 per cent complete. The data and results of the one successful 
experiment wei’e as follows; amount of protein hydrolyzed 4.997 
gm., cZZ-glutamic acid added 0.4748 gm., N“ excess in compound 

* The first crude crop of each substance was reerystalhzed four or five 
times in such a manner that the final yield was about 10 to 20 per cent of t e 
crude material. 
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added 1.957 atom per cent, N*' excess in dZ-glutamic acid isolated 
0.803 atom per cent (the results of five successive recrystalliza- 

Table II 


Determination of Amino Acids in Fibrin 







N“ excess 

•3 



O 

Amiao add added 


in com- 
pound 

^ o 


o 

£ 





isolated at 

e C 

Evidence for purity cf 
compound isolated 









0-3 

2 “ 

Compound 

Wcieht 

N“ 

excess 

stages of 
recrystal- 
i lixation 

.io 

< 



Qm. 


pn. 

atom 
, po* 

; cent 

1 

i atom 
per cent 

per 

cent 




Glycine 

0.1315 

2.00 


5.12 

Toluenesulfonyl gly- 








cine; found, N 






0.782 

0.782 


6.09, m.p. 148 

21 

4.995 

dl-GIutamic 


2.10 

0.182 

13.2 

I(+)-Glutamic 



acid 

1 

1 


0.186 


hydrochloride; 






0.185 


found, N 7.65, 

22 



i 




Wd “ +25.5 in 

1 nHCI 

5.382 

<( l< 


2.10 

0.162 

13.0 

I(+)-Glutamio 






0.161 


hydrochloride; 

23* 





0.157 


found, N 7.62, 

I“1d = -f-25.3 


K << 

imvm 

2.10 

0.185 

12.9 

I(+)-Glutamic 

2ot 





0.176 


hydrochloride; 
found, N 7.62, 

[a]„ = +25.4 

7.675 

ti ft 

IIICIIHM 

2.10 

0.356 

12.8 

I(+)-Glutamic 





2.J 

0.355 


hydrochloride; 
found, N 7.63, 

[“Id = +25.3 



di-Aspartic 

llIKIXIl 


0.374 

11.2 

i(+)-Aspartic acid; 



acid 



0.383 


found, N 10.44, 
[a]„ = +24.9 


In this experiment the isotopic glutamic acid was added before the 
nydrolysis was begun. 

t In this experiment both glutamic and aspartic acids were added to the 
same hydrolysate. 

hons were 0.803, 0.800, 0.803, 0.806, and 0.803 atom per cent 
excess), per cent glutamic acid in the protein (calculated) 13.7. 
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DISCUSSION 

In agreement with the considerations of the errors to be ex- 
pected, the determinations of the palmitic acid content of rat 
fatty acids differ from the mean by 1 per cent. The mean of the 
four determinations of glutamic acid is 13.0 ± 0.1 per cent. This 
error (0.8 per cent) is somewhat less than could be expected, as 
the conditions of the experiments were not those which would 
give the most accurate results — the concentration of in the 
starting materials was less than optimal. 

The purity of the amino acids isolated is shown not only by 
the analytical constants, nitrogen content, rotation, and melting 
point, but also by the constancy of the isotope content of the amino 
acid in the various stages of purification. This latter criterion 
is more sensitive to impurities than the nitrogen content or rota- 
tion. While 5 per cent of another normal amino acid in the 
glutamic acid would have only a negligible effect on the nitrogen 
content, it would change the isotope content by 5 per cent. 

The advantages of this method seem to be 3-fold. The error 
of a determination is independent of the method of isolation or 
yield, and independent of the concentration of the substance 
in the starting mixture. No larger percentile error is made 
whether the absolute concentration of the substance in the mbcture 
is 1 per cent or 50 per cent. Finally the magnitude of the ex- 
pected error is known; z.e., it is about 1 per cent. 

SUMMARY 

A new method (isotope dilution procedure) for the analysis 
of complex mixtures is described and applied to the determination 
of glycine, glutamic acid, and aspartic acid in fibrin hydrolysates 
and of palmitic acid in rat fat. 
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The claim bj' Kbgl and Erxleben (1) of the occurrence of amino 
acids of the d series, and especially of d(— )-glutamic acid, as 
constituents of cancer proteins has been supported by YiTiite and 
TiTiite (2), but refuted by the work of Chibnall et al. (3), Graff 
(4), and Lipmann et al. (5). In subsequent papers Kogl, Erxleben, 
and Akkermann (6) have sought to explain the failures to confirm 
their work as being due to the inadequacy of the methods used 
by ChibnaU and by Graff for the isolation of glutamic acid. Es- 
pecially they stress their claim that the Foreman procedure, with 
either calcium or barium hydroxide, fails to precipitate the dl- 
glutamic acid, alleging that the calcium or barium salt of the 
dl-glutamic acid is much more soluble (10 times) than the cor- 
responding derivative of f(-l-)-gIutamic acid. 

This paper will offer e%ddence that such an explanation is not 
adequate to account for the failures to confirm the work of Kogl 
and Erxleben. Furthermore, we present the results of a different 
approach to the problem, namely the use of a modification of the 
isotope dilution method described in the preceding paper (7), 
herein it is clearlj’’ shown that, in the six tumors examined, not 
more than 1 per cent of the glutamic acid could have been in 
the d(— ) form. 


Isotope Dilution Method 

The method for the determination of amino acids in protein 
ydrolysates (7) has been so modified that the amoimt of d- as 

fi. work was aided by grants from the Rockefeller Foundation and 

the Josiah Macy, Jr., Foundation. 
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well as of 1-amino acids can be determined. Wlaen dl-glutamic 
acid containing excess is added to a solution of normal glutamic 
acid, the added isomers will be diluted by their isomeric counter- 
parts in the solution. If the glutamic acid is subsequently isolated 
by any method and fractionated into two specimens having 
different optical rotations, i.e. containing different proportions 
of the two optical antipodes, the amount of the dilution of each 
of the added isomers may be computed from the specific rotation 
and the content of the specimens isolated. The simplest case 
is that in which one fraction consists of pure l(-b)-glutamic acid 
and the other of the optically compensated dl mixture. If x gm. 
of racemic compound are added containing Co atom per cent 
excess of N^®, and the I and d isomers isolated contain Ci and Cd 
atom per cent excess respectively, then the amounts of these 
isomers originally present in the hydrolysates are 


and 



where yd and yi are the amounts of d(— )- and l(-f) -glutamic acid 
respectively in the protein. In the case of glutamic acid it is 
relatively simple from a partially racemized mixture to isolate 
the pure I- or d-glutamic acid, depending upon which isomer is 
present in excess, and a sample of dl-glutamic acid. As in protein 
hydrolysates the I isomer is always in excess, we have isolated l- 
and dZ-glutamic acid. From the concentration of N*® in the 
I- and dZ-glutamic acid it is possible to calculate the concentration 
of N^® in the d isomer, for 

Cdi = ICd + iC, (2) 

where Cdi is the concentration of N^® in the racemic mixture. 
Solving for Ca and substituting in Equation 1, o, we obtain 
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In two cases we were not successful in isolating a pure dl-g\u- 
tamic acid but obfained glutamic acid having a small excess either 
of the I or of the d isomer. From the rotation the percentage of 
d and of I component can be determined, and the concentration 
of N'® in the d isomer can be calculated from the equation 


Cr = PC, + (1 - P)Ci 


(4) 


where P represents the fraction cf the I enantiomorph in the 
sample, and Cr the concentration of N*® in the incompletely rac- 
emized sample. Sohdng for Ca and substituting in Equation 1, a, 
we find 


/ god - P) 
Vc, - PC, 



(5) 


In the special case in which there is no d component in the protein, 
the concentration of the isotope in the dZ-glutamic acid isolated 
would be half of that in the I component isolated plus half of that 
in the dl component added. 


EXPERIMENTAL 

Except in Experiment 31 all specimens were diagnosed as 
malignant on gross pathological examination and were dissected 
by the pathologists to exclude non-neoplastic tissue as far as 
possible. The diagnoses were subsequently verified histologically. 

The dried and defatted tissues were hydrolyzed by boiling 
for 12 hours with 20 parts of 20 per cent hydrochloric acid. In 
Experiments 34 to 44 inclusive (Table I) 1.20 gm. of dZ-glutamic 
acid hydrochloride (1.76 atom per cent excess N*®) and in Experi- 
ment 31 1.00 gm. of df-glutemic acid (1.97 atom per cent excess 
P®) were added. The solution was boiled again for 3 hours to 
msure equilibration of the added glutamic acid with pyrrolidone- 
^rboxylic acid. Glutamic acid was isolated as the hydrochloride 
by the Foreman method. 

The separation of the Z(-l-)- and the dZ-glutamic acid hydro- 
c lorides from a solution containing the two is based on the fact 

at the dl component is not a racemate but a mixture. The 
so uhility of the dl component is just twice that of the I component, 
a saturated solution of the former is saturated in respect to 
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both the d and I isomers.^ Such being the case, if the solubility 
of the dl mixture under fixed conditions of temperature and hydro- 
chloric acid concentration is known, then it should be possible 
to choose the right volume of solvent (aqueous hydrochloric acid) 
to dissolve the dl- but not the excess 1-glutamic acid hydrochloride. 
We found the solubility of df-glutamic acid hydrochloride in 5.4 
N hydrochloric acid at ice bath temperature to be 2.48 gm. per 
100 gm. of solution. In practice we used somewhat less than the 
volume of solvent calculated on the basis of the rotation of the 
mixture in order to insure complete crystallization of all of the 
excess 1-gIutamic acid hydrochloride. (Small amounts of d- 
glutamic acid hydrochloride contaminating a specimen of the 
1(+) compound are very readily removed by recrystallization.) 
In practice the separation did not always go as smoothly as the 
theory demands, apparently on account of the occasional formation 
of supersaturated solutions even after shaking for 24 hours in the 
ice bath. In Experiment 42 the filtrate from the 1(+) fraction 
on concentration to small volume ydelded glutamic acid hydro- 
chloride containing a considerable excess of the d(—) form, enough 
so that a pure specimen of this form was obtained by recrystalliza- 
tion. The mother liquor from this fraction yielded glutamic acid 
with a slight excess of the Z(-f ) component. 

All the preparations brought to analysis for isotope concentra- 
tion had the correct nitrogen content. The l(-f ) (and the one 
d(—)) specimens had the correct rotation ([aJc = 25.3° as the 
hydrochloride in N HCl). The dl specimens in not less than 4 
per cent solution and in a 2 dm. tube had zero rotation (±0.02°) 
in the last two stages of recrystallization, with the exception of 
Experiments 40 and 42, in which the rotations indicated about 5 
per cent excess d and I isomers respectively. 

Solubilities of Barium and Calcium Glutamates 

Barium Salts — 0.500 gm. of f(-}-)-glutamic acid hydrochloride 
and of the dl-glutamic acid hydrochloride were separately dis- 

1 This point was brought out by the experiments of Kogl, Erxieben, and 
Akkermann (6), whose results we have confirmed except that we have found 
higher values for the solubilities of the and dl-glutamic acid hydro- 

chlorides in both 5.4 N and 6.0 N hydrochloric acid, either of which might be 
called 20 per cent. Our values are 1.24 and 0.89 gm. of l(-k)-glutainic aci 
hydrochloride per 100 gm. of solution at 0° in respectively 5.4 K and 6.0 s 
hydrochloric acid. 
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solved in 40 cc. of water. The solutions were shaken with excess 
barium hydroxide and filtered; 5 cc. aliquots of the alkaline filtrate 
were then pipetted into measured volumes of 95 per cent alcohol, 
and the flasks stoppered and held in the refrigerator at 0° for 24 
hours with occasional shaking. The cold samples were then 
filtered in the refrigerator and suitable aliquots of the filtrates 
taken for nitrogen estimation by the Kjeldahl method. At all 
concentrations of alcohol examined the solubilities of the barium 
salts of !(+)- and df-glutamic acid were identical. The values 
found were 160, 32.8, 10.3, 6.3, and 4.7 mg. of glutamic acid per 
100 cc. of 48, 63, 71, 76, and 80 per cent alcohol respectively. 
80 per cent alcohol is the concentration reached when a solution 
is poured into 5 volumes of 95 per cent alcohol, as is usual in our 
application of the Foreman procedure. Excess barium chloride, 
a condition prevailing in the isolation from hydrolysates, reduces 
solubility by as much as 25 per cent. 

Calcium Salts — 0.3 gm. of glutamic acid hydrochloride in 10 cc. 
of water was shaken with excess calcium hydroxide (powder). 
To the mix-ture, which was alkaline to phenolphthalein, 50 cc. of 
95 per cent alcohol were added, and the whole allowed to stand 
at room temperature for 2 days with occasional shaking. The 
filtrates were analyzed by the Kjeldahl procedure. Identical 
experiments were made ^vith i(+)- and with dZ-glutamic acid 
hydrochlorides. The solubilities found were identical for both 
forms; namely, 2.2 mg. of glutamic acid per 100 cc. of filtrate. 

In a similar experiment in which 2.5 volumes of 95 per cent 
alcohol were used to precipitate the calcium salts, the solubilities 
of the calcium salts of I- and dZ-glutamic acid were identical at 
4.2 mg. of glutamic acid per 100 cc. 

DISCUSSION 

An extensive consideration of the errors of this method seems 
unnecessary here. It may be seen from inspection of Equation 2 
that, for the values of Cdi and Ci we obtained, a 1 per cent error 
in Cdi will give rise to a 1.5 per cent error in Cd, while the same 
Error in Ci causes Cd to be in error by 0.3 per cent. The effect of 
these errors on the value of yd has been discussed in the preceding 
paper. From these considerations we conclude that the error 
to be expected in favorable cases is about 1.0 per cent; i.e., a 
content of d(— )-glutamic acid of 1.0 per cent of the total glutamic 



752 Glutamic Acid of Malignant Tumors 


acid is within the experimental error. The average of all the 
tumor experiments is —0.1 =t 0.7 per cent. Experiment 40 was 
unfavorable in two respects: (a) the amount of protein hydrolyzed 
was very small, making an unfavorable ratio of Co/C; or Co/Cj, 
and (b) there was difficulty in preparing a good specimen of dl- 
glutamic acid hydrochloride. Discarding this experiment gives 
a mean of +0.5 db 0.5 per cent. We conclude that in either tumor 
or normal proteins less than 1 per cent of the glutamic acid is of 
the d(— ) form. 


SUMMARY 

By the isotope dilution method, six specimens of malignant 
tissue were found to contain Z(+)-glutamic acid in amounts 
ranging from 6.7 to 8.7 per cent of the total nitrogen. The other 
isomer (<i(— )-glutamic acid), if present at all, could not have 
been more than 1.0 per cent of the total glutamic acid. 

Contrary to the statement of Kogl and Er.xleben, the solubilities 
in dilute alcohol of the calcium and barium salts of dZ-glutamic 
acid were found to be identical with those of the corresponding 
salts of Z(+)-glutamic acid, and therefore cannot account for 
the failure of Chibnall ct al, and of Graff to find dZ-glutamic acid 
in tumors. Further, it has been demonstrated that the Foreman 
method will yield dZ-glutamic acid when it is present. 

We are indebted to Dr. A. P. Stout and Dr. C. D. Haagensen 
of the Department of Surgery, Dr. W. E. Pollard of the Depart- 
ment of Obstetrics and Gynecology, and Dr. M. M. Melicow' of 
the Department of Urology for specimens and for pathological 
examination. 
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CONCERNING THE METABOLISM OF TESTOSTERONE 
TO ANDROSTERONE* 

Bt RALPH I. DORFMAN and JAMES B. HAMILTON 

{From the Adolescence Study Unit, the Laboratory of Physiological Chemistry, 
and the Department of Anatomy, Yale University School of Medicine, 

New Haven) 

(Received for publication, February 23, 1940) 

Mter the administration of the testis hormone, testosterone, 
to men nith deficient testicular secretion the principal androgen 
excreted in the urine is androsterone (1, 2). The mechanism 
of this conversion is obscure with regard to the site of this change, 
the enzjTne sj'stems responsible for the reactions, and the inter- 
mediarj’- substances between the testis hormone and the urinary 
androgen. 

Previously, we pointed out that in the conversion of testosterone 
to androsterone there are six direct intermediates theoretically 
possible (2). These are etioallochoIan-3-one-17-ol, etioallocholan- 
3(a:)-17-diol, etiocholen-(5,6)-3(a)-17-diol, etiocbolen-(5,6)-3(a)- 
ol-17-one, etiocholen-(4,5)-3,17-dione, and etioallocholan-3,17- 
dione. In this study we have administered three of these pos- 
sible intermediates, etioallocholan-3(cit)-17-diol, etioallocholan- 
3,17-dione, and etiocholen-(4,5)-3,17-dione. In addition to 
these possible intermediates, we have also attempted to study 
the metabolism of testosterone, methyltestosterone, androsterone, 
and dehydroisoandrosterone. 

Materials, Methods, and Subjects 

The various androgens emploj^ed in this study were adminis- 
tered orally in gelatin capsules. A capsule containing one-third 
of the daily dose was swallowed before each of the three meals. 

Supported in part by the Rockefeller Foundation, the Fluid Research 
und of Yale University School of Medicine, and the International Cancer 
Research Foundation. 

Presented before the Thirty-fourth annual meeting of the American 
ociety of Biological Chemists at New Orleans, ilarch, 1940. 
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All urine samples were collected over complete 24 hour periods 
from Case 2 during the 10 days of androgen administration and 
from Case 4 for 1 additional day thereafter. Between successive 
periods of ingestion, there was an interval of 10 or more days. 
Extractions of the urines and the purification of the urinary ex- 
tracts have been described previously (2). Briefly, the method 
consisted of extracting the urine with benzene after previous acid 
hydrolysis. The fraction containing the neutral compounds was 
separated into ketonic and non-ketonic substances by means of 
the Girard-Sandulesco ketone reagent (3). The respective frac- 
tions containing the ketonic and non-ketonic substances were 
assayed for androgenic activity and subjected to further chemical 
purification. 

Assays for androgenic activity were performed on the day-old 
chick (4). All values for androgenic activity are expressed as 
international units, which is the activity evoked by 0.1 mg. of 
androsterone. 

The subjects were two men with organic and functional evi- 
dence of deficient testicular secretion (5), one a eunuchoid and the 
other a surgical castrate. Case 2, a 26 year-old eunuchoid, has 
served as a subject in a previous communication (2) and is re- 
ferred to in this paper by the same designation as used previously. 
Case 4 is a 44 year-old man who has been bilaterally castrate 
since the age of 21. 


EXPERIMENTAL. 

Table I is a summary of the excretion of ketonic and non- 
ketonic androgenic substances after the administration of the fol- 
lowing compounds; three naturally occurring androgens, testos- 
terone, androsterone, dehydroisoandrosterone; three possible 
intermediates, etioallocholan-3(a)-17-diol, etioallocholan-3 , 17-di- 
one, etiocholen-(4,5)-3,17-dione; and the orally active androgen, 
methyltestosterone. 

The oral administration of testosterone in the form of its pro- 
pionate results in increased excretion of androgenic substances in 
the urine. The greatest increase in androgenic activity was 
found in the ketonic fraction. For example, in Case 4 when 
120 mg. of testosterone propionate per day were administered, 
the urinary androgens per 24 hours were increased from the pre- 
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injection level of 7 i.tr. to that of 179 i.n. Of the daily average 
of 179 i.u. of androgenic substance during the treatment period, 
160 I.u. were in the ketonic fraction. That at least a portion of 
this increment is due to androsterone has been previously demon- 
strated (2). 

When methyltestosterone was orally administered in the 
amount of 105 mg. per day, only a slight increase in androgenic 
substances was detected in the urine. Xo change was obseiwed 


Table I 

Urinary Excretion of Ketonic and Kon-Ketonic Androgenic Substances 
after Oral Administration of Various Androgens 


Case No. 

! 

Substance administered i 

1 1 
1 1 

i Amount 

Androsecic sub- 
' stances in urine, 
j x.tr. per day 




1 Ketonic 

N’on* 

ketonic 

2 

None 

mg.jardcT; 

0 

9 

3 

4 

tt 

0 

7 


4 

Testosterone propionate i 

120 

160t 

19 

4 

Etioallocholan-3(a)-17-diol i 

105 

43 

8 

2 1 

“ 

1 105 

103t 

63 

2 

Etioanocholan-3,17-dione 

1 105 

87t 

7 

2 1 

Etiocholen-(4,5)-3,17-dione 

105 

205t 

14 

2 

Methyltestosterone 

105 

1 14 

<4 

2 

(( 

210 

23 

<6 

2 

Androsterone 

! 105 

! 330t 

18 

2 

Dehydroisoandrosterone 

! 105 

1 93 

<5 


* Total androgenic activit}-. 

t Androsterone was isolated from these ketonic fractions. 


m the non-ketonic fraction; the androgenic acthity of the ketonic 
fraction was elevated from 9 to 14 i.u. per da}', amounting to 
o5 per cent. This relatively small increase is in marked contrast 
to the excretion of androgenic substance after administration of 
an equivalent quantity of testosterone, where the increase in 
ketonic androgens was 1700 per cent. Attention is called to the 
markedly greater androgenic stimulation, despite low levels of 
unnar}' androgens, exhibited upon ingestion of methyltestos- 
terone in comparison to that obser\’ed after ingestion of testos- 
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tcrone propionate. Evidence of androgenic action was seen in 
the form of increased erectile ability, skin coloration, and genital 
growth and weight increase. These changes appeared with 
each period of ingestion of methyltestosterone, although in lesser 
degree than upon daily intramuscular injection of 20 mg. of 
testosterone propionate, and disappeared rapidly when ingestions 
were discontinued. 

When the dose of methyltestosterone was increased to 210 
mg. per day, the increase in excretion rose to only 150 per cent. 
Attempts to isolate the metabolic products of the administered 
methyltestosterone have thus far been unsuccessful. 

The administration of both androsterone and dehydroisoan- 
drosterone in amounts of 105 mg. per day was accompanied by 
marked augmentation of the urinary androgens. With andros- 
terone the ketonic excretion amounted to 330 i.u. per day, which, 
if calculated on the basis of androsterone, would amount to 
33 mg. With dehydroisoandrosterone the ketonic fraction again 
accounted for the large increase in androgen excretion, assay 
of that fraction giving values of 93 i.u. per day. 

The ketonic fractions of the urinary concentrates obtained 
after administration of androsterone and dehydroisoandrosterone 
were submitted to further purification. Thus far, no metabolic 
products have been determined on the urine collected after 
ingestion of dehydroisoandrosterone. After oral administration 
of androsterone, however, androsterone has been isolated from 
the urine in good yield. 

The complete 10 day output of urine during ingestion of 105 
mg. of androsterone daily by'^ Case 2 was hydrolyzed with hydro- 
chloric acid for 15 minutes and extracted quantitatively with 
benzene. The neutral compounds of the urine extract were 
separated into ketonic and non-ketonic fractions by means of 
the Girard-Sandulesco reagent. The viscous brownish red oil 
which comprised the ketonic fraction w-as dissolved in hot 80 per 
cent ethanol, filtered, and finally cooled in an ice-salt mixture. 
A crystalline precipitate separated, which melted at 168-173 . 
Sublimation of this material at 125° and 5 p pressure yielded a 
substance which melted at 177-179° and amounted to 222 rng. 
Two recrystallizations from methanol raised the melting point 
to 179-181°. The melting point was not depressed by a known 
sample of androsterone. The identity of the isolated compound 



R. 1. Dorfnian and J. B. Hamilton 


757 


\nth androsterone was further demonstrated by the preparation 
of the, acetate which melted at 160-163°. l^Tien the acetate was 
mixed \nth an authentic sample of androsterone acetate, m.p. 
161-163°, the mixture melted at 159-162°. From the mother 
liquors there was isolated a further crop of androsterone amount- 
ing to 32 mg., making a total jdeld of 254 mg. or 24 per cent of 
the administered substance. 

WTien etioallochQlan-3(a)-17-diol was administered by mouth, 
the greatest portion of the excreted androgens was ketonic in 
nature. This indicated that etioallocholan-3(a)-17-diol might be 
converted to androsterone. The fact that the non-ketonic frac- 
tion contained considerable androgenic actiHt}' in the urine 
of Case 2 might indicate the presence of considerable unchanged 
etioallocholan-3(a)-17-diol. 

In Case 2 the total output of urine over a 10 daj' period, during 
which time 105 mg. of etioallocholan-3(o!)-17-diol were ingested 
daily, was extracted with benzene and the urinary extract sepa- 
rated into the ketonic and non-ketonic fractions. We were un- 
able to isolate any unchanged etioallocholan-3(a)-17-diol from 
the non-ketonic fraction, but from the ketonic fraction, 33 mg. 
of androsterone were isolated. 

The ketonic substances were separated bj' means of chromato- 
graphic adsorption on an aluminum oxide column with carbon 
tetrachloride as the solvent. T'wo fractions were obtained. 
The first fraction consisted of substances eluted with carbon 
tetrachloride and the second fraction consisted of compounds 
eluted with a mixture of 99.7 per cent carbon tetrachloride and 

0. 3 per cent absolute alcohol. On evaporation of the solvent 
from the second fraction, sticky yeUow-colored crj'stals were 
observed. These crj'stals were recrj'stallized from 70 per cent 
ethanol and finaUj'' from absolute methanol to jield a white 
crystalline substance which melted at 179-181°. The melting 
point w’as not depressed when mixed with an authentic sample of 
androsterone. The benzoate of the compound melted at 173- 
175°; the acetate, at 161-162°. 

When etioallocholan-3 , 17-dione was administered orally to 
Case 2 in quantities of 105 mg. per daj', a total of 94 I.XJ. of andro- 
genic substances was excreted as compared to the level of 12 

1. w. when no androgenic substance was given. By far the great- 
^1 quantity of activity was found in the fraction containing the 
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ketonic substances, 87 i.u. per day as compared to but 7 i.u. 
for a similar period in the non-ketonic fraction. 

The urinaiy fraction containing the ketonic substances consisted 
of a viscous oil. This oil was sublimed in a high vacuum and 
the fraction subliming between 90-135° at 3 was collected. 
The crystalline sublimate had a melting point of 174-177°, 
After four recrystallizations from 90 per cent ethanol the melting 
point was raised to 181-183°. The melting point of a mixture of 
this substance and an authentic sample of androsterone -vvns 
181-183°. The acetate of the isolated compound melted at 163- 
165°, while the benzoate melted at 174-175°. Neither the 
melting point of the acetate nor that of the benzoate was depressed 
when mixed Mth authentic samples. Thus, the compound is 
androsterone and a conversion of the administered etioallocholan- 
3,17-dione into androsterone is indicated. 

Oral doses of 105 mg. daily for 10 days of etiocholen-(4,5)- 
3,17-dione to Case 2 resulted in a great increase in the urinary 
excretion of androgenic substances. The daily urinary titer of 
androgens rose from 12 to 219 i.u. The ketonic androgens again 
accounted for the greatest increases. Upon fractionation of the 
ketonic substances no unchanged etiocholen-(4,5)-3,l7-dione 
was found ; instead androsterone was isolated. 

The ketonic substances were sublimed at 120° and 5 p pressure. 
The sublimate was recrystallized from 90 per cent ethanol, and 
7 mg. of substance melting at 172 - 175 ° were isolated. Water 
was added to the mother liquor to reduce the alcohol concentra- 
tion to 80 per cent. A substance separated which was almost 
colorless and melted at 165-175°. The melting point was raised 
to 176-178° after two recrystallizations from hexane and the yield 
was 18 mg. The melting point of the acetate was 162-164°, 
while the benzoate melted at 174-176°. No depression in melt- 
ing points was observed when the free compound, the acetate, 
and the benzoate were mixed, respectively, with authentic 
samples. 


DISCUSSION 

Each of the seven androgens employed in this study has been 
shown to be absorbed from the gastrointestinal tract, as evidenced 
by increased urinary concentration of androgenic substances 



R. I. Dorfman and J. B. Hamilton 


759 


over and above that of the pretreatment level. The smallest 
increase was observ'ed after the administration of methyltestos- 
terone. The percentage absorption of the administered androgens 
is unknown, since no studies were carried out on the fecal matter. 

The urines collected after the administration of five of the seven 
androgens have jdelded crj’stalline metabohc products. In 
each case the isolated androgen has been shown to be andros- 
terone. The isolation of androsterone after the administration 
of testosterone has already been discussed (2). In the case of the 
ingestion of androsterone, 24 per cent of the administered an- 
drogen was isolated imchanged from the urine. This high ex- 
cretion of \mchanged androsterone seems to indicate the relative 
inability of the body to metabolize this androgen further. 

The identification of androsterone in the urine after the ad- 
ministration of etioallocholan-3(a)-17-diol, etiocholen-(4,5)-3,17- 
dione, and etiQallocholan-3 , 17-dione is of particular interest, 
since these steroids may be intermediates in the metabolism of 
testosterone to androsterone. However, the possibility has not 
been excluded that these compounds may be precursors of testos- 
terone rather than intermediates in the metabolism of testos- 
terone. 


SUMMAKT 

1. The excretion of ketonic and non-ketonic androgens in the 
urine was determined after the oral a dminis tration of three 
naturally occurring androgens, testosterone, androsterone, and 
dehydroisoandrosterone; of methyltestosterone; and of three 
possible intermediates in the conversion of testosterone to andros- 
terone. These possible intermediates are etioaIlocholan-3(a)-17- 
diol, etioallocholan-3 , 17-dione, and etiocholen-(4,5)-3, 17-dione. 

2. All seven of the compounds investigated were absorbed from 
the gastrointestinal tract, as e\'idenced bj^ increased concentra- 
tions of androgens in the urine. 

3- By far the greatest increases in androgenic substance were 
found in the ketonic fractions of the urinary concentrates and 
appear to be accormted for by androsterone. 

4. Androsterone has been isolated from the urine after the 
oral administration of testosterone, androsterone, etioaUo- 
cholan-3(a)-l7-diol, etioaIlocholan-3 , 17-dione, and etiocholen- 
(4 , 5)-3 , 17-dione. 
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We are indebted to Ciba Pharmaceutical Products, Inc., for the 
supply of androsterone, testosterone propionate, (under the trade 
name perandren), dehydroisoandrosterone, methyltestosterone, 
etioallocholan-3(a)-17-diol, etioallocholan-3 , 17-dione, and etio- 
cholen-(4 , 5)-3 , 17-dione. 
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PREPARATION OF THROMBIN 

By TAGE ASTRUP and STON DARLING 

(From the Biological Institute of the Carlsherg Foundation, Copenhagen, 

Denmark) 

(Received for publication, February 14, 1940) 

Potent 1 preparations of thrombin have been described by 
Mellanby (1), Howell (2), Bleibtreu (3), and Seegers, Brinkhous, 
Smith, and Warner (4). The present paper describes a method 
which, according to our experience, is the most convenient for 
preparing great amounts of a very potent thrombin. 

EXPERIMENTAL 

Plasma— Ox blood is obtained at the slaughter-house in glass 
jars containing 15 cc. of a 20 per cent potassium oxalate solution 
per liter of blood. As soon as possible after arrival at the labora- 
torj' the blood is passed through a metal sieve and centrifuged. 
There is obtained 50 to 55 per cent (by volume) of plasma, which 
is used immediately for preparing thrombin. 

Thromlokinase — Fresh, ground beef limg is extracted with 2 
parts of 0.9 per cent NaCl solution for 4 to 5 hours with inter- 
mittent stirring. The mixture is then passed through a double 
layer of gauze and used as such. 

Units — A thrombin unit is defined as the amount of active 
substance which -will clot 1 cc. of oxalated plasma in 30 seconds 
at 37°. To 0.10 cc. of the thrombin solution is added 1.0 cc. of 
ice-cold oxalated plasma and the mixture is placed in a water 
bath at 37°. For clotting times not greater than 2 minutes the 
acth-ity is directly proportional to the reciprocal of the clotting 
time. 

Preparation of Crude Thrombin {A ) — The follo^ving procedure 
was found to give the best results. To 1 liter of oxalated plasma 
are added 15 liters of cold distilled water and acetic acid imtil 
the pH is 5.3 (about 0.3 liter of a 1 per cent solution). After 
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standing for 5 to 10 minutes the mixture is centrifuged. In the 
meantime a new lot is precipitated, and this procedure is repeated 
until in about 1 or 2 hours 10 to 12 liters of plasma have been 
precipitated and passed through the centrifuge. 

The precipitate corresponding to 1 liter of plasma is dissolved 
at 25-30° in 0.70 liter of a 0.9 per cent NaCl solution. Then 0.15 
liter of thrombokinase and 25 cc. of a 1.5 per cent solution of 
calcium chloride are added (per liter of plasma). The mixture 
clots in 1 to 3 minutes and is stirred vigorously during this time. 
After it has stood for 1 hour, the fibrin is removed. The thrombin 
solution, which contains 6 to 8 thrombin units per cc., i.e. about 
7000 units per liter of plasma, is then precipitated with 1 volume 
of acetone and, after standing overnight, is centrifuged. The 
precipitate is ground in a mortar with acetone and filtered on a 
Buchner funnel the next day. Again it is ground with acetone 
and after standing several days filtered and dried with ether. 
Yield 5.5 to 7 gm. per liter of plasma. About 1200 gm. of crude 
thrombin were prepared according to this method. 

50 mg. of this crude thrombin give in 10 cc. of NaCl solution an 
activity of 3.5 to 4.0 thrombin units per cc., which corresponds to 
about 800 units per gm. of substance and 4800 units per liter of 
plasma; i.e., 70 per cent of the activity of the thrombin solution. 

Purification of Crude Thrombin (B ) — 40 gm. of crude thrombin 
are extracted for 6 hours at 0° with 800 cc. of 0.9 per cent NaCl solu- 
tion and a few drops of octyl alcohol. After centrifugation the 
precipitate is extracted again for 12 hours with 600 cc. of NaCl 
solution. Yield 1100 cc. of a solution containing 30 to 36 throm- 
bin units per cc. 1 per cent acetic acid solution is added until 
the pH is 5.5. The precipitate is discarded after centrifugation 
and the solution is poured into 2 volumes of ice-cold acetone. 
After standing for 2 hours the mixture is centrifuged and the 
precipitate ground with acetone in a mortar. After further 
standing for 24 hours it is. filtered, treated with absolute alcohol, 
washed, and dried with ether. Yield 2.5 gm. of purified thrombin 
containing about 10,000 units per gm., equal to about 80 per cent 
of the activity in the crude thrombin. 

Properties of Purified Thrombin — Of the purified thrombin (B) 
85 to 90 per cent is soluble in distilled water. Of such a solution 
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a curve for the precipitation with increasing amounts of am- 
monium sulfate was obtained according to Schmitz (5) (Fig. 1, 
Cuiwe I). The cun*e shows characteristic peaks for globulin 
and albumin, and, by fractionation with ammonium sulfate two 
or three times, an albumin fraction could be obtained, which after 
dialysis contained nearly all the acthdty; the precipitation curve 
for this fraction is shown in Fig. 1, Curve If. The globulin frac- 



fo v5b So 7o 90’^° 

/oer cef?t 


Fig. 1. Precipitation vrith ammonium sulfate. Curve I, solution of 
Thrombin B; Curve II, active albumin fraction; Curve III, inactive 
globulin fraction. 

tion was small and practically inactive and gave Curt'e III, 
Fig. 1. Precipitating the dialyzed albumin fraction with acetone 
destroyed about 25 per cent of the activit 5 *. 

Thrombin thus seems to be connected with proteins of the 
albumin tj'pe. This is interesting in view of the possibility of 
prothrombin being of globulin character, as it is precipitated by 
half saturation with ammonium sulfate according to Cekada (6) 
and Schmitz (7). Work on its purification is in progress. 



764 


Preparation of Thrombin 


SUMMARY 

1. A convenient method for preparing great amounts of a 
potent thrombin preparation is described. 

2. Thrombin seems to be an albumin. 

Thanks are due to L0vens kemiske Fabrik, Copenhagen, for 
facilities during this work. 
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PARTIAL RACEMIZATION OF GLUTAMIC ACID IN BOILING 
HYDROCHLORIC ACID SOLUTIONS* 


Sirs: 

In a recent communication, Johnson’ has reported the isolation 
of glutamic acid hj'drochloride containing small percentages of 
d(— )-glutamic acid hydrochloride following hydrolj^sis of Jensen 
sarcoma and rat livers with 20 per cent hydrochloric acid (30 
hours boiling). He suggested that slight racemization of the 
glutamic acid might have been caused by the hydrolysis. We 
have tested this hypothesis by boiling f(+)-glutamic acid for 
varjdng lengths of time in hydrochloric acid solutions. Following 
the period of heating, the solutions were stored at — 10“ for 24 to 
48 hours, and the glutamic acid hydrochloride crystallizing from 
them was filtered off, dried, and e.xamined in the polarimeter. 
In two experiments, a second crop of crj'stals was obtained by 
saturating the mother liquors with dry, cold hydrogen chloride. 
Two of the samples isolated w'ere analyzed in the Organic Micro- 
analj-tical Laboratorj'", University of Minnesota, with the following 
results. 



C 

H 

N 

Calculated for C 5 H 904 NHC 1 

32.71 

5.49 

7.63 

Found (for sample with (otJo = +6.3°) . . 

32.72 

5.53 

7.72 

“ (“ “ “ " =+30.3°),, 

33.09 

5.40 

7.75 


The data recorded in the accompanying table suggest that the 
results reported by Johnson can be explained by assuming race- 
mization during hydrolysis. However, some of the results 
recorded by Kogl and Erxleben- are difficult to explain except by 
assuming the presence of partly racemized glutamic acid residue 

* This investigation was financed in part by a grant from the Citizen’s 
Aid Society, Minneapolis. 

‘ Johnson, J. M., J. Biol. Chem., 132, 781 (1940). 

* Kogl, F., and Erxleben, H., Z. physiol. Chem., 268,57 (1939). 
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in the proteins prior to hydrolysis, or by supposing that some 
property peculiar to the malignant tissue induced an unusually 
high degree of racemization during hydrolysis (7 hours boiling 


Ex- 

peri- 

mont 

No. 

Weight 

initial 

glutamic 

acid 

Solvent, 
HCl 25 cc. 

, Time 
of 

boil- 

ing 

Weight of 
isolated 
glutamic 
acid 
hydro- 
chloride 

Hecov- 

erics 

[“]d 

d 

isomer 

Total 

recov- 

eries 

1 

1 

Total 

d 

isomer 

■ 

gm. 


hrs. 

gm, 

1 

per 

cent 

degrees 

per 

cent 


per 

cent 

B 

9.9572 

20% 

100 

7.8154 ! 

62.9 


5.8 







1.1426 

9.2 

+6.3 

40.1 

72.1 


2 

9.6380 

20% 

30 

10.1802 

84.6 

+31.4 

0 


1 





1.0677 

8.9 

+15.6 

25.2 

93.5 

2.4 

3 

1.0004 

Concen- 

9 

1.0428 

83.5 


2.2 

83.5 

2.2 

1 

1 

trated 

1 


1 

1 

1 

1 




with concentrated hydrochloric acid). For example, in one 
experiment, these authors isolated 6.25 gm. of glutamic acid, con- 
taining 42.7 per cent of d isomer, from 48.3 gm. of human ovarian 
carcinoma protein. 

Laboratory of Physiological Chemistry L. Eaele Arnow 

University of Minnesota Jeanette C. Opsahl 

Minneapolis 
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METHYLATION OF CHONBROSAMINE HYDROCHLORIDE 

Sirs: 

In course of an investigation on the structure of chondrosin, it 
vas desired to make available the trimethylmeth 3 'lchondros- 
aminide. This vras prepared bj' methj-Iation of chondrosamine 
pentaacetate bj' the dimethjd sulfate procedure. The N-acet}*!- 
meth^dtri-O-methylchondrosaminide was then hydroh-zed and 
tri-O-methjdchondrosamine hj-drochloride, thus obtained, in its 
turn was oxidized bj' means of chloramine-T (Dakin, Biochem. J., 
11, 79 (1917); Herbst, J. Biol. Chem., 119, 85 (1937)) to 2,3,5- 
methyl-d-ljTCose. Thus it follows that on methjdation of chon- 
drosamine pentaacetate with dimethjd sulfate, the methj'l- 
pjTanoside is formed. 

C H N COCH, 

Pentaacetate of chondrosamine. Calculated, 49.33 5.96 3.59 55.26 

Found. 49.34 6.02 3.62 55.20 

A’'-AcetyItri-0-methyImethyI- 

chondrosaminide. Calculated. 41.92 7.82 5,43 

Found. 42.02 7.95 5.45 

2,3,5-Trimethyl-d-Iyxose. Calculated. 49.96 8.39 

Found. 50.13 8.26 

I“]d = +39.0° (in water at equilibrium) (Bott, Hirst, and Smith, CAcm. 
Soc., 658 (1930)) 

[«]? = +41.7° (in 10 % alcohol + NH,) 

2,3,4-Trimethyl-d-lyxose. [a]” = —22° (at equilibrium) (Bott, Hirst, and 
Smith, loc. cil.) 

Lahoraiories of The Rockefeller Inslitute for P. A. Levexe 

Medical Research 
New York 
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berg, and Foster, 745 

Glutathione: Metabolism, isotopic 
nitrogen in study, Wachch and 
Ritlcnbcrg, civ 

Glycerol: Blood, determination, 
periodate use, Voris, Ellis, and 
Maynard, 491 

Glycine: Creatininc-crcatinc excre- 
tion, ingestion and injection 
effect. Beard, vii 

Glycocyamlne : Amino acids, urea, 
and cyanamide, synthesis from. 
Beard and Espenan, ix 

Tissue creatine precursor, Bor- 
sook and Dubnoff, xv 

Glycogen: Muscle, exercise effect. 
Flock and Bollman, xxxii 

Glycogenesis: Citric acid relation, 
MacKay, Came, and IVick, 59 
Gonadotropic activity: Blood serum, 
pituitary extract effect, Wade 
and Katzman, ciii 

Gonadotropic hormone : Urine, preg- 
nancy, Gurin, Bachman, and 
Wilson, 467, 477 

— , — , chemistry, Gurin, Bach- 
man, and Wilson, 467 

— , — , purity, Gurin, Bachman, 
and Wilson, 477 

Gonadotropin: Urine, normal, deter- 
mination, Levin, lx 

Growth: Benzpyrene and lysine-low 
diet, effect. While, evii 

Creatine and creatinine excretion. 
Beach, Teague, and Macy, vii 
Dimethylaminoazobenzene effect, 
iVhile, cviii 

Methionine effect, Morris and 
Voegtlin, Ixix 

^east extract supplement, effect. 
Jukes, 631 


H 

Heart: See also Muscle 
Hematln : Metabolism, Morrison, 
Williams, and Anderson, Ixx 
Hemin: Spirographis, oxidation- 
reduction potentials, Barron, 

51 

Hemochromogen(s): Spirographis, 
oxidation-reduction potentials, 
Barron, 51 

Hemocyanln: Limulus polyphemus, 
osmotic pressure, molecular 
weight, and dissociation, Burk, 

511 

Hemoglobin (s) : Invertebrate, Salo- 
mon, Ixxxiii 

Hemorrhage : Anti-, compounds, 
preparation, Fieser, 391 

-Producing fraction. Bacillus pro- 
digiosus filtrates, Shear and 
Turner, Ixxxvii 

Heparinase : J agues, 445 

Hibernation: Neoplasms, influence, 
Bischoff, Long, and Rupp, xiii 
Histidine: Determination, BlocI:, 

67 

Homocystine : Alercapturic acid syn- 
thesis relation, Slekol, xcviii 
Hormone (s): Creatine-creatinine 

metabolism, relation. Beard and 
Jacob, ^ 

Koven, Pizzolato, and Beard, 

Ivi 

Digestive tract. Ivy, xlix 

Hyaluronic acid: Pleural fluid, 
tumor, malignant, relation, 

Meyer and Chaffee, 83 

Hydrazine: Alkalosis, gastric juice 
and urine excretion, effect, 
Hendrix, Calvin, and Greenberg, 

xlii 

Hydrogen ion concentration: Carbo- 
hydrate oxidation, salt-cata- 

lyzed, relation, Sheppard, Dan- 
ielson, and Everett, Ixxxviii 
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Hydroxybutyrlc acid : /3-, disappear- 
ance rate, Deitcl, Hallman, 
Greeley, Bulls, and Holliday, 

173 

Hydroxylapatlte : Precipitation, con- 
centration limits, Hodge, xliv 
Hydroxylyslne ; Van Slyhc, Hiller, 
MacFadycn, Haslings, and 
Klemperer, 287 

Hydroxyprogesterone : 0(a)-, Ehrcn- 
slcin and Slevens, xxvii 

Hypertension: Kidney cortex tissue 
metabolism, relation. Mason, 
Blaloek, and Robinson, Ixiii 
Hypervitamlnosis : Ds and Dj, die- 
tary calcium, phosphorus, and 
vitamin A cfTcct, Morgan and 
Shimolori, Ixix 

Hypoglycemia : Insulin, tissue lipids, 
effect, Randall, 129 

I 

Inorganic substance (s) : Glucose tol- 
erance, diabetes, effect, Orten 
and Devlin, Ixxiv 

Insulin: Hypoglycemia, tissue 

lipids, effect, Randall, 129 
Ketosis, Somogyi, xciii 

Muscle oxygen uptake, pancrea- 
tectomy and, effect, Slarc and 
Baumann, xcvii 

— respiration, effect, Stare and 
Baumann, 453 

Interstitial cell-stimulating hor- 
mone: Pituitary, anterior, 

thyrotropic hormone, relation, 
Jensen and Tolksdorf, xlix 
Intestine: Glucose solutions, ab- 
sorption, stomach emptying 
relation, Fenton and Pierce, 

xxxi 

Vitamin A absorption, Gray, 
Morgareidge, and Cawley, 

xxxvii 

Iodine : Atherosclerosis, cholesterol- 
induced, effect, Mitchell, Gold- 
faden, and Hadro, Ixviii 


Iron; Metabolism, radioactive iso- 
tope in study, Ausloni and 
Greenberg, iv 

Radioactive, iron metabolism, use 
in study, Austoni and Green- 
berg, iv 

Isotope : Dilution, analysis by, Rif- 
tenberg and Foster, 737 

K 

Ketocholanlc acid(s): Ketone 
groups, determination, Dillon 
and Raymond, xxv 

Keto-a-estradlol : 6-, Longwell and 
Winlersleiner, 219 

Ketogenesls : Anti-, citric acid rela- 
tion, MacKay, Came, and Wick, 

59 

Ketogenlc substance(s) : Pituitary, 
anterior, fractions, preparation 
and assay, Greaves, Freiberg, 
and Johns, 243 

Ketone(s): Groups, ketocholanic 
acids, determination, Dillon 
and Raymond, xxv 

Steroid, adrenals, Pfiffner and 
North, Ixxvii 

Ketone body: Tissues, Harrison and 
Long, 209 

Ketosis: Deuel, Hallman, Greeley, 
Butts, and Holliday, 173 

Insulin, Somogyi, xciii 

Keto-1-uronlc acld(s): Carbohy- 
drate oxidation, relation, 
Crews, Sheppard, Sudduth, and 
Everett, xxiii 

Preparation, Crews, Sheppard, 
Sudduth, and Everett, xxiii 
Kidney; d-Amino acid oxidase, 
Walker sarcoma, effect. Beard, 

viii 

Cortex tissue, metabolism, hyper- 
tension relation. Mason, Bla- 
lock, and Robinson, Ixiii 

Extract, glucose phosphorylation, 
effect, Colowick, Welch, and 
Cori, 359, xxii 

Transamination, Cohen, xx 
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L 


Lec!thin(s): Carcinosarcoma 236, 
turnover, radioactive phos- 
phorus as indicator. Haven, 

lx 

Leucylpeptidase : Occurrence, Berger 
and Johnson, 157 

Lhnulus pol 3 rphemus: Hemocj’anin, 
osmotic pressure, molecular 
weight, and dissociation, Burk, 

511 


Lipase: Pancreas, thiamine effect, 
Brower and Tashiro, xvii 

Lipld(s): Blood, chick, changes, 
Enienman, Lorenz, and Chai- 
iMff, 231 

— plasma, determination, gaso- 

metric, Folch, Schneider, and 
Fan Slyke, xxxiii 

— serum, schizophrenia, testos- 
terone effect, Randall, 137 

Brain, metabolism, Sperry and 
Waelsch, xciv 

— , — , myelination, Waelsch and 
Sperry, cv 

Egg yolk sac, chick, changes, 
Enienman, Lorenz, and Chai- 
231 

Liver, chick, changes, Enienman, 
Lorenz, and Chaikoff, 231 

Tissue, insulin hypoglycemia 
effect, Randall, 129 

, metabolism, Sperry and 
Waelsch, xciv 

Tubercle bacillus, avian, bound, 
Anderson, Creighlon, and Peck, 


1 chemistry, Andersoj 
Creighlon, and Peck, 67 

Liver. 7 -Aminobutyric acid isoh 
tion, Suhharow and Hilchingt 


Choline oxidase, fatty acid action, 
Bemheim, 291 


Liver — conlinued: 

Fatty acid metabolism, diabetes, 
Sladie, Zapp, and Lukens, 
xevi 

— acids, spectroscopically active, 
deposition, adrenalectomy ef- 
fect, Barnes, Miller, and Burr, 

V 

— , amino acid influence, Singal, 

xc 

Lipids, chick, changes, Enienman, 
Lorenz, and ChailMff, 231 
Nucleoprotein, sulfhydrjd groups, 
Greenslein, xxxix 

Phospholipid turnover, methio- 
nine, cystine, and cysteine in- 
fluence, radioactive phosphorus 
as indicator, Perlman, Stillman, 
and Chaikof, 651 

Transamination, Cohen, xx 

Lung: See also Pleural fluid 
Luteinizing hormone : Pituitary, 
separation, Greep, van ■Bylx, 
and Chow, 289 

Lysine: Anemia, deaminized casein- 
produced, relation, Hogan, 
Powell, and Guerrant, xlv 

Hydroxy-, Van Slylx, Hiller, 
MacFadyen, Haslings, and 
Klemperer, 287 

-Low diet, benzpyrene and, 
growth effect. White, evii 

M 

Magnesium: Blood serum, Chan- 
ulin, Ludewig, and Maskel, xix 

— — , partition, thyroid gland 

relation, Soffer, Grossman, and 
Sobotka, xcii 

Malonate : Tissue respiration, effect, 
Baumann and Stare, 183 

hlannoheptulose : d-, excretion, avo- 
cado ingestion effect. Blather- 
wick, Larson, and Sawyer, 643 
Mercapturic acid(s): Synthesis, 
homocystine relation, Slekol, 
xcviii 
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Mercury: Peterminntion, micro-, 
Crandall, 639 

Metabolism: Bnsnl. See Basal 
metabolism 

Methionine : Cystine excretion, 
clTcct, Hess and Snllivan, xliii 
Growth cffcot, iiforris and Vocgl~ 
lin, Ixix 

Liver phospholipid turnover, 
radioactive phosphorus ns indi- 
cator, Perlman, Stillman, and 
Chaikoff, 651 

Sulfonium reactions, Toennies, 

cii 

Test, colorimetric, Sullivan and 
lifcCarlhy, c 

Tissue creatine precursor, Bor- 
Book and Duhnoff, xv 

Tumor effect, Morris and Voegl- 
lin, Ixix 

Methionine sulfoxide: dl-, metabo- 
lism, Virtue and Doster- Virtue, 

ciii 

Milk; Carotene determination, 
photoelectric, Kochn, Ivi 

Vitamin A determination, photo- 
electric, Kochn, Ivi 

Mineral (s): Atherosclerosis, choles- 
terol-induced, effect, Mitchell, 
Goldfadcn, and Hadro, Ixviii 
Metabolism, sodium-deficient diet 
effect, Orent-Kciles and Mc- 
Collum, 75 

Monosaccharide (s): Aldo-, ben- 
zimidazole derivatives, identifi- 
cation, Moore and Link, 293 
Morphine: Excretion, Oberst, Ixxi 
Mosaic: Tobacco virus, heat de- 
naturation, Lauder and Price, 

1 

Mucin (s): -Hydrolyzing enzyme, 
bacterial, Robertson, Ropes, and 
Bauer, 

Mucinase: Robertson, Ropes, and 
Bauer, 


Muscle : Creatine, adrenalectomy, 
epinephrine, eschatin, per- 
corten, and saline injection 
effect, Koven, Pizzolato, and 
Beard, Ivn 

Electrolyte, Darrow, Yannel, and 
Miller, xxiv 

Glycogen, exercise effect, Flock 
and Bollman, xxxii 

Heart, purines, Mangun and 
Myers, Ixii 

Oxygen uptake, pancreatectomy 
and insulin effect. Stare and 
Baumann, xcvii 

Potassium, frog, Steinbach, 695 
Jlespiration, insulin effect. Stare 
and Baumann, 453 

Skeletal, electrolytes, dolphin, 
Eichelberger, Geiling, and Vos, 

661 

— , water, dolphin, Eichelberger, 
Geiling, and Vos, 661 

— , — , potassium salts injection 

I effect, Eichelberger, xxviii 
Sodium, frog, Steinbach, 695 
Voluntary, purines, Mangun and 
Myers, Ixii 

Water, Darrow, Yannei, and 
Miller, xxiv 

Myellnatlon: Brain lipid metabo- 
lism, IVoelscA and Sperry, cv 

Myosin: Denaturing agents, effect, 
Greenstcin and Edsall, 397 
Edsall and Mehl, 409 

Sulfhydryl groups, determina- 
tion, porphyrindin titration, 
Greenstcin and Edsall, 397 
Viscosity and double refraction 
of flow, Edsall and Mehl, 409 

N 

Naphthol: 4-Amino-2-methyl-l-, 

and 4-amino-3-methyI-l-, vita- 
min K activity, Emmett, 
Kamm, and Sharp, 285 
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ITeoplflsm(B) : Hibernation influ- 
ence, Bischoff, Long, and Rupp, 
xiii 

See also Carcinosarcoma, Sar- 
coma, Tumor 

Nicotinamide: Respiratory stimu- 
lation, action, Saunders, Dorf- 
man, and Koser, Ixxxiv 

Nicotinic acid; Derivatives, urine, 
determination, Perhiceig, Levy, 
and Sarell, Ixriv 

Urine, determination, Perlzveeig, 
Levy, and Sarell, Ixxiv 

Nitrogen: Isotope, glutathione 
metabolism study by, Waelsch 
and Rillenherg, civ 

Metabolism, anaphylactic shock, 
relation. Miller, 93 

Nitrogenous acid; Adrenals, isola- 
tion, Pfiffner and Norlh, Ixsvi 
Nitrous add: Sulfur compounds, 
reaction, Lavine and Whileley, 
Iviii 

Nucleic acid: Tuberculin protein, 
removal, Seiberl, 593 

Nucleoprotein(s) ; Liver, sulfbydryl 
groups, Greenslein, xxxix 

Nutrition: Chick, Eegsled, Oleson, 
Elvehjem, and Earl, rii 

Gastric function, relation. Roe, 
Eall, and Dyer, Ixxrii 

Rat, factor W and pantothenic 
acid, Oleson and Black, Ixsdii 
See also Diet 

O 

Oxidase: d-Amino acid, kidney. 
Walker sarcoma, effect. Beard, 

viii 

Ascorbic acid, Slolz, c 

Choline, liver, fatty acid action, 
Bemheim, 291 

Oxidation (s): Biological, Barron, 

51 

Oxygen: Muscle, uptake, pancrea- 
tectomy and insulin effect. 
Stare and Baumann, xcvii 


P 

Palmitic acid: Formation rate, 
body, Bernhard and Schoen- 
heimer, 713 

Palmitoleic acid, conversion, 
Stelten and Schoenheimer, 329 
Stearic acid, conversion, Stellen 
and Schoenheimer, 329 

Palmitoleic add: Palmitic acid con- 
version, Stelten and Schoen- 
heimer, 329 

Pancreas: Diabetes, pituitary, ante- 
rior, extracts, effect, Gaehler 
and Galbraith, xxxv 

Lipase, thiamine effect, Broicer 
and Tashiro, xvii 

Pancreatectomy: Muscle oxygen up- 
take, insulin and, effect. Stare 
and Baumann, xcvii 

Pantothenic add: Babcock and 
Jukes, V 

-Deficient diet, tissue pantothenic 
acid, effect, Snell, Pennington, 
and Williams,' xcii 

Factor W and, rat, Oleson and 
Black, Ixxiii 

Tissues, chick, diet effect, Snell, 
Pennington, and Williams, 559 
— , pantothenic acid-deficient 
diet, effect, Snell, Pennington, 
and Williams-, xcii 

See also Dermatitis 
Papain: Activation, Fruton and 
Bergmann, 153 

Dehydrogenases, action, Bem- 
I heim, 141 

Paraldehyde: Biological fluids, de- 
termination, Levine and Bo- 
danslry, 193 

Parathyroid: Reproduction influ- 
ence, Bodansky and Duff, xiv 
Pasteur enzyme : Retina, Steiyi, 
Melnick, and DuBois, xcix 
Peptidase(s): Di-, activation, 

Berger and Johnson, 639 

Leucyl-, occurrence, Berger and 
Johnson, 157 
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Pcrcorten: Muscle creatine and 
crcatinc-crcatinine excretion, 
adrenalectomy, ofTect, Koven, 
Pizzolalo, a7id Beard, Ivi 

Phcnolphthaleln: Conjugated, 

chemical constitution, Di 
Sonnna, 277 

Phenylalanine: Metabolism, ascor- 
bic acid relation, Scalock, Per- 
kinson, and Silbersiein, Ixxxvii 
Phenylhydrazlne : Dehydrogenase 
action, Bcrnhcim, 485 

Phosphate (s): Metabolism, crea- 
tine-creatinine relation, Beard, 
Espenan, Koven, and Pizzolato, 

X 

Radioactive, blood cell, red, per- 
meability, Eisejwian, Oil, 
Smith, and Winkler, xxviii 
— , tooth enamel, exchange, von 
Hcvesy and Armstrong, xliv 
Phospholipid (s) : Blood plasma, 
dietary fat effect, Artom and 
Freeman, iv 

Liver, turnover, methionine, cys- 
tine, and cysteine influence, 
radioactive phosphorus as indi- 
cator, Perlman, Stillman, and 
Chaikoff, 651 

Metabolism, radioactive phos- 
phorus as indicator, Jones, 
Chaikoff, and Lawrence, 319 
Perlman, Stillman, and Chaikoff, 

651 

Tumors, turnover, radioactive 
phosphorus as indicator, J ones, 
Chaikoff, and Lawrence, 319 
Phosphorus: Dietary, hypervita- 
minosis D 2 and D3, effect, 
Morgan and Shimotori, Ixix 
Fat metabolism, relation. Reiser, 

Ixxx 

Glucose metabolism, relation, 
Reiser, 

Radioactive, carcinosarcoma leci- 
thins and cephalins, turnover, 
indicator. Haven, xl 


Phosphorus— coah'nucd; 

Radioactive, liver phospholipid 
turnover indicator, methionine, 
cystine, and cysteine influence, 
Perlman, Stillman, and Chaikoff, 

651 

— , phospholipid metabolism indi- 
cator, Jones, Chaikoff, and 
Lawrence, 319 

Perlman, Stillman, and 
Chaikoff, 651 

— , tumor phospholipid turnover, 
indicator, Jones, Chaikoff, and 
Lawrence, 319 

I Photosynthesis: Chlorophyll rela- 
tion, Inman, xlviii 

Pituitary : Antagonist, chemistry, 
Bischoff, 621 

Anterior, interstitial cell-stimu- 
lating and thyrotropic effects, 
relation, Jensen and Tolksdorf, 

xlix 

Follicle-stimulating hormone, 
separation. Creep, van Dyke, 
and Chow, 289 

Luteinizing hormone, separation. 
Creep, van Dyke, and Chow, 

289 

Pituitary extract(s): Anterior, dia- 
betes, pancreatic, effect, Gaeb- 
ler and Galbraith, xxxv 

— , fractions, ketogenic and 
respiratory quotient-reducing 
substances, preparation and 
assay, Greaves, Freiberg, and 
Johns, 243 

Blood serum gonadotropic 
activity, effect, Wade and Katz- 
man, ciii 

Placenta: Dihydrotheelin isolation, 
Huffman, Thayer, and Daisy, 

xlv 

a-Dihydrotheelin isolation, Huff- 
man, Thayer, and Daisy, 567 
Pleural fluid: Hyaluronic acid, 
tumor relation, Meyer and 
Chaffee, 83 
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Pneumococcus: Metabolism, sea- 
sonal variation, Friedemann, 
xxxiv 

Polysaccharide (s): Tuberculin pro- 
tein, removal, Seibert, 593 
Porphyrindin: Myosin, sulfhydryl 
groups, determination, use, 
Greenstein and Edsall, 397 
Reducing groups, determination, 
use. Brand and Kassell, 437 
Potassium: Muscle, frog, Steinhach, 

695 

Radioactive, blood cell, red, per- 
meability, Eisenman, Olt, 
Smith, and WinHer, xxviii 
Potassium salt(s) : Muscle, skeletal, 
water, injection effect, Eichel- 
herger, xxviii 

Pregnancy: Urine gonadotropic hor- 
mone, Gurin, Bachman, and 
WiUon, 467, 477 

chemistry, Gurin, Bach- 
man, and TTt7son, 467 

purity, Gurin, Bachman, 

and Wilson, 477 

Pregnanediol: Urine, assay. Marker 
and Hartman, 529 

Pressor substance: See also Angio- 
tonin 

Progesterone: 6(a)-Hydroxy-, Ehr- 
enstein and Stevens, xxvii 

Progestin: Estrogenic substances 
and, sexual receptivity, effect, 
Leighly, Wick, and Jewries, 


lix 

Protein(s): Blood serum, amino 

acids, basic. Block, 71 

, analysis, Murrill, Block, 

and Newburgh, 521 

, arginine ingestion effect. 

Block, 71 


, determination, biuret reac- 
tion use, Robinson and Hogden, 
Ixxxi 

, quartz and collodion parti- 
cles, electric mobilities, film 
formation, relation, Moyer and 
Gorin, 605 


Proteln(s) — continued: 

Crystalline, urine, normal, 
Ranke, 

Denaturation, Roentgen ray 

analysis, Spiegel-Adolf and 

Henny, xciv 

Dietary levels, effect, McCoy, 

Ixiv 

Nucleo-. See Nucleoprotein 
Tuberculin, nucleic acid and 
polysaccharide removal, Sei- 
bert, 593 

— , Roentgen ray analysis, 
Spiegel-Adolf, Seibert, and 

Henny, xcv 

Urine, analysis, Murrill, Block, 
and Newburgh, 521 

Wool, acids and ions, combination 
modes, Steinhardl and Harris, 
xcvii 

Proteolysis: Enzyme, tumor and 
normal tissue, Fruton, xxxiv 
Purine (s) : Muscle, heart and volun- 
tary, Mangun and Mrjers, Ixii 
Pyridine: Amino acid acylation, 
use. Carter, Handler, and 
Stevens, xviii 

Pyruvate : Blood, determination, 
acetoacetate presence, Klein, 

liii 

— , stabilization and determina- 
tion, Bueding and Wortis, 

xvdii 

Pyruvic acid: Blood, stabilization 
and determination, Bueding 
j and TForiis, 585 

Q 

Quartz: Particles, blood serum 
proteins, electric mobilities, 
film formation, relation, Moyer 
and Gorin, 605 

Quinine: Determination, micro-, 
nephelometric, Kyker, TTehb, 
and Andrews, Ivii 

Optical activity, Andrews and 
Webb, iii 
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Quinine salt(s): OpUcnl activity, 
Andrews and Webb, iii 

R 

Reducing group(s): Egg albumin, 
determination, porphyrindin 
mo, Brand and Kasscll, 437 
Reproduction : Parathyroid influ- 
ence, Bodansky and Duff, xiv 
Respiration: Nicotinamide, stimula- 
tion action, Saunders, Dorjman, 
and Koscr, Ixxxiv 

Respiratory quotient: -Reducing 
substances, pituitary, anterior, 
fractions, preparation and as- 
say, Greaves, Freiberg, and 
Johns, 243 

Retina: Pasteur enzyme. Stern, 
Mclnick, andDuBois, xeix 

Riboflavin : Determination, bio- 
logical, micro-, Feeney and 

Strong, xxxi 

See also Vitamin Bj 
Roentgen ray: Protein denatura- 
tion, Spicgel-Adolf and Henny, 

xciv I 

Tuberculin proteins, analysis, 
Spiegel- Adolf , Seibert, and 
Benny, xcv 

S 

Salt(s) : Catalj’’sis, carbohydrate 
oxidation, Everett and Shep- 
pard, xxix 

— j , hydrogen ion concen- 

tration relation, Sheppard, 
Danielson, and Everett, 

Ixxxviii 

Creatine-creatinine relation. 

Beard, Espenan, Koven, and 
Pizzolato, ^ 

Sodium . thymonucleate, effect, 

. Greenstein, xxxviii 

Sarcoma: Walker, cortin, supra- 
corsin, and adrenal hydrolysate 
effect, Beard, viu 

See also Carcinosarcoma 


Sarcoslne : Creatinine-creatine ex- 
cretion, ingestion and injection 
effect, Beard, vii 

Schizophrenia: Blood serum lipids, 
testosterone effect, Randall, 

137 

Selenium compound(s) : Volatile, 
excretion, sodium selenite ad- 
ministration effect, Schultz and 
Lewis, 199 

Serine: dl-, betaine hydrochloride, 
lipotropic activitji’, synthesis 
and determination, Carter and 
Melville, 109 

Sex: Hormones, creatine-creatinine 
metabolism, relation. Beard and 
J acob, x, xi 

Sodium: -Deficient diet, mineral 
metabolism, effect, Orent-Keilcs 
and McCollum, 75 

Muscle, frog, Steinbach, 695 
Radioactive, blood cell, red, per- 
meability, Eisenman, Oil, 
Smith, and Winkler, xxviii 
Sodium chloride: Muscle creatine 
and creatine-creatinine excre- 
tion, adrenalectomy, effect, 
Koven, Pizzolato, and Beard, 

Ivi 

Sodium selenite : Selenium com- 
pounds, volatile, excretion, ad- 
ministration effect, Schidtz and 
Lewis, 199 

Sodium thymonucleate: Salt effect, 
Greenstein, xxxviii 

Sphingomyelin: Chemical constitu- 
tion, Thannhauser and Reichel, 

cii 

Spinal cord: Thiamine effect, 
Brower and Tashiro, xvii 

Spirographis : Hemin, oxidation-re- 
duction potentials, Barron, 51 
Hemochromogens, oxidation-re- 
duction potentials, Barron, 51 
Stearic acid: Formation rate, body, 
Bernhard and Schoenheimer, 

71Z 
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stearic add — continued: 

Palmitic acid conversion, Stellcn 
and SchoenhcimcT, 329 

Steroid(s) : Ketones, adrenals, 
Pfiffner and North, Ixxvii 
Urine, assay, Marker and Hart- 
man, 529 

— , extraction apparatus, Hersh- 
berg and Wolfe, 667 

Stomach: Emptying, glucose solu- 
tions, absorption, intestine, re- 
lation, Fenton and Pierce, xxxi 
Function, nutrition relation, Roe, 
Hall, and Dyer, Ixxxii 

— , vitamin C deficiency relation. 
Roe, Hall, and Dyer, Ixxxii 
Gastric juice excretion, h 3 'drazine 
alkalosis effect, Hendrix, Cal- 
vin, and Greenberg, xlii 

Strontium: Uterus effect. Cole and 
Hamed, xxi 

Sulfapyridlne : Fastness, Schmidt 
and Dettmler, Ixxxv 

Sulfate(s): Excretion, Power, Goud- 
smil, and Keith, Ixxvii 

Inorganic, blood serum, deter- 
mination, Reinhold and 
Letonoff, Ixxix 

Sulfhydryl group (s): Myosin, deter- 
mination, porphyrindin titra- 
tion, Greenstein and Edeall, 

397 

Nucleoprotein, liver, Greenstein, 

XXXIX 

SuUinlc acid: Cysteine relation, 
Kassell, p. 1 

Sulfone(s): Cystine enzyme oxida- 
tion relation, Medes, Ixvi 

Sulfonic acid: Cysteine relation, 
Kassell, p. 1 

Sulfonlum reaction (s): Methionine, 
Toennies, cii 

Suifur: Metabolism, titanium 

effect, Bemheim, xi 

Non-protein, blood serum, frac- 
tionation, Letonoff and Rein- 
hold, lix 


Sulfur compound(s): Nitrous acid, 
reaction, Lavine and Whiteley, 

Iviii 

Supracorsln: Sarcoma, Walker, 
effect. Beard, viii 

Sjmovlal fluid: Mucin, bacterial 
cnzjTne hydrolyzing, Robertson, 
Ropes, and Bauer, • 261 

T 

Testosterone : Androsterone rela- 
tion, Dorfman and Hamilton, 
763, xxvi 

Blood serum lipids, schizo- 
phrenia, effect, Randall, 137 
Tetany: Development, Greenberg, 
Boelter, and Knopf, 

xxxviii 

Theelin: Dihydro-, placenta, isola- 
tion, Huffman, Thayer, and 
Daisy, xlv 

c-Dihydro-, placenta, isolation, 
Huffman, Thayer, and Daisy, 

567 

Thiamine : Determination, chem- 
ical, Emmett, Peacock, and 
Brown, xxix 

Digestive secretions, phosphory- 
lation and stability, Melnick, 
Robinson, and Field, Ixvii 
Pancreas lipase, effect, Brower 
and Tashiro, xvii 

Spinal cord, effect, Brower and 
Tashiro, xvii 

Threonine: Determination, micro-. 
Block, Bolling, and Webb, xiv 
dl-, betaine hydrochloride, lipo- 
tropic activity, synthesis and 
determination. Carter and Mel- 
ville, 109 

<H-Allo-, betaine hj'drochloride, 
lipotropic activity, synthesis 
and determination. Carter and 
Melville, 109 

Thrombin: Preparation, Astrup and 
Darling, 761 
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Thyroid: Blood plasma and blood 
colls, red, cholesterol, activity 
relation, Hughes, xlvi 

— serum magnesium partition, 
relation, Soffer, Grossman, and 
Sobotka, xcii 

Hormone, tissues, McClendon, 
Foster, and Kirkland, Ixiv 
Thyrotropic hormone effect, 
Logan, VanderLaan, and 
VanderLaan, Ixii 

Thyrotropic hormone: Pituitary, 
anterior, interstitial cell-stimu- 
lating hormone, relation, 
Jensen and Tolksdorf, xlix 
Thyroid gland composition and 
metabolism, effect, Logan, 
VanderLaan, and VanderLaan, 

Ixii 


Tub e rculin — continued: 

Proteins, Roentgen ray analysis, 
Spiegel- Adolf, Seibert, and 
Kenny, xcv 

Tumors (s): Chemical treatment. 
Shear and Turner, Ixxxvii 
Enzymes, proteolytic, Fruton, 

xxxiv 

Malignant, glutamic acid, GraS, 
Rittenberg, and Foster, 745 
— , pleural fluid hyaluronic acid, 
relation, Meyer and Chaffee, 

83 

Methionine effect, Morris and 
Voegtlin, Ixix 

Phospholipid turnover, radioac- 
tive phosphorus as indicator, 
Jones, Chaikoff, and Lawrence, 

319 


Tissue (s): Cholesterol, dietary, 
effect, Okey and Greaves, 

Ixxi 

Ketone bodies, Harrison and 
Long, 209 

Lipid metabolism, Sperry and 
Waclsch, xciv 

Lipids, insulin hypoglycemia 
effect, Randall, 129 

Respiration, malonate effect, 
Baumann and Stare, 183 

Titanium: Sulfur metabolism, 

effect, Bernheim, xi 

Tobacco : Mosaic virus, heat denatu- 
ration, Laujffcr and Price, 1 
Tooth: Enamel, radiophosphate ex- 
change, von Hevesy and Arm- 
strong, xliv 

Trypsin: Dehydrogenases, action, 
Bernheim, 141 

Tubercle bacillus: Avian, lipids, 
bound, Anderson, Creighton, 
and Peck, 675 

Lipids, chemistry, Anderson, 
Creighton, and Peek, 675 

Tuberculin: Protein, nucleic acid 
and polysaccharide removal, 
Seibert, 


I See also Carcinosarcoma, Neo- 
plasm, Sarcoma 

Turslops truncatus: See Dolphin 
Tyrosine: Metabolism, ascorbic 

acid relation, Sealock, Perkin- 
son, and Silberstein, Ixxxvii 

U 

Urea: Creatine and glycocyamine 
synthesis. Beard and Espenan, 

ix 

Glycine with, creatinine-creatine 
excretion, effect, Beard, vii 
Sarcosine with, creatinine-crea- 
tine excretion, effect. Beard, 

vii 

Urine: Androgenic substances, de- 
termination, colorimetric, Bau- 
mann and Metzger, vi 

, extraction apparatus, Ke- 

terval, 313 

, fractionation, Batimann 

and Metzger, vi 

Cystine determination. Brand, 
Cahill, and Kassell, 431 

Estrogenic substances, separation 
and determination, Mather, 

Ixiii 
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VTine—conlinucd: 

Excretion, hydrazine alkalosis 
effect, Hendrix, Calvin, and 
Greenberg, xlii 

Gonadotropin determination, 
normal. Levin, lx 

^lorphine excretion, Obersl, Ixxi 
\icotinic acid and derivatives, 
determination, Perlztceig, Levy, 
and Sareil, Ixxiv 

Pregnancy, gonadotropic hor- 
mone, Gurin, Bachman, and 
Wilson, 467, 477 

— , chemistry, Gurin, Bach- 
man, and Wilson, 467 

— , purity, Gurin, Bachman, 

and Wilson, 477 

Pregnanediol, assay. Marker and 
Earlman, 529 

Protein, crystalline, normal, 
Hanhe, xl 

Proteins, analysis, Murrill, Block, 
and Newburgh, 521 

Steroids, assay. Marker and Hart- 
man, 529 

— , extraction apparatus, Hersh- 
berg and Wolfe, 667 

Uronlc acid(s): Keto-1-, prepara- 
tion and carbohydrate oxida- 
tion, relation. Crews, Sheppard, 
Suddulh, and Everett, xxiii 
Uterus: Strontium and calcium ef- 
fect, Cole and Harmed, xxi 

V 

Virus: Tobacco mosaic, heat de- 
naturation, Lauffer and Price, 1 
Vitamin (s): A, absorption, intes- 
tine, Gray, Morgareidge, and 
Cawley, xxxvii 

— , dietary, hypervitaminosis D- 
and Da, effect, Morgan and 
Shimotori, Ixix 

— , milk, determination, photo- 
electric, Koehn, Ivi 

B complex, S 3 'nthesis, cow rumen, 
McElroy and Goss, Ixv 


Vitamin(s) — continued: 

Bi. See also Thiamine 
Bj complex filtrate factor, nature, 
Mohammad, Emerson, Emerson, 
and Evans, 17 

— . See also Riboflavin 
Bi, fatty acids, unsaturated, nu- 
tritional relation, Salmon, 

Ixxxiii 

C, deficiency, gastric function re- 
lation, Roe, Hall, and Dyer, 

Ixxxii 

D, action. Smith and Spector, xc 

E, oxidation, Golumbic, xxxvi 

K, Ansbacher, iii 

— , activity, 4-amino-2-methyl-l- 

naphthol and 4-amino-3- 
meth\’l-l-naphthol, Emmett, 
Kamm, and Sharp, 285 

— , bile salt substitute for ad- 
ministration with, Lozinski and 
Gottlieb, 635 

— , determination. Quick, 

Ixxviii 

K;, chemical constitution, Bink- 
ley, McKee, Thayer, and Daisy, 
721, xii 

See also Hypervitaminosis 
W 

Water: Blood, dolphin, Eichelber- 
ger, Fetcher, Ceiling, and Vos, 

145 

Creatine-creatinine relation. 
Beard, Espenan, Koven, and 
Pizzolalo, X 

Distribution, diabetes, Sunder- 
man and Dohan, ci 

Muscle, Harrow, Yannel, and 
Miller, xxiv 

— , skeletal, dolphin, Eichelber- 
ger. Gelling, and Vos, 661 
— , — , potassium salts injection 
effect, Eichelberger, xxviii 
Wool: Powdered, chemistry, Routh, 

Ixxxii 
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Wool — continued: 

Protein, acids and ions, combina- 
tion modes, Steinhardt and 
Harris, xcvii 

X 

X-ray ; See Roentgen ray 
Xylose: Blood sugar, effect. Darby 
and Day, 503 


Y 

Yeast: Extract, growth effect 
Jukes, 61 

Z 

Zein : Hydrolysates, nutriti 
value, Borchers and Berg, 




